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0 Recombinant DNA expression vectors and DNA compounds that encode isopenlclllin N epimerase 
(racemase) activity. 

< 

--J0 The present invention provides DNA compounds that encode isopenicillin N epimerase (racemase) activity. 
0^The compounds can be used to construct recombinant DNA expression vectors for a wide variety of host cells, 
^including E. coll, Penicillium , Streptomyces , Aspergillus , and Cephalosporium . 
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RECOMBINANT DNA EXPRESSION VECTORS AND DNA COMPOUNDS THAT ENCODE ISOPENICIUIN N 

EPIMERASE (RACEMASE) ACTIVPTY 



The natural sulfur-containing ^-lactam antibiotics are the most Important clinjcally, and the isolation of 
novel )3-lactam compounds contnues nearly six decades since the discovery of the penicillins by Reming. 
The common structural feature of the penicillins and cephalosporins (including cephamycins) is the jj- 
lactam ring. 

5 These antibiotics are produced by a variety of prokaryotes and lower eukaryotes. The penicillins, 
exemplified by the compounds penicillin G (benzylpenicillin) or penicillin V. are produced mainly by 
filamentous fungi, most notably Penlcillium chrysogenum . The cephalosporins, first isolated as a product 
from the lower eukaryote, Gephalosporium acremonlum (syn. Acremonium chrysogenum ), are also 
metabolites of many prokaryotes but especially Streptomyces clavullgerus , S. lipmanii and S. cattleya that 

70 also produce cephamycins and other iJ-lactams such as oxypenams (clavuFanic acid) and" :arbapenams 
(thienamyciri). 

The development of cell-free systems from jS-tactam-producing organisms has allowed the establish- 
ment of the biosynthetc steps in the pathway of the sulfur<ontaining i8-lactams (penicillins and 
. cephalosporins). 

15 The Initial steps in the formation of penicillins in filamentous fungi (e.g. P. chrysogen um), and the 
cephalosporins and cephamycins produced by both prokaryotes and lower eukaryotes, are identical. ACV 
synthetase catalyzes the condensation of the amino acid precursors L-a-aminoadipate, L-cysteine. and L- 
valine to the tripepti'de LLD-AGV. The next step forms the first /S-lactam in the pathway by the cyclization of 
the tripeptide yielding isopenicillln N (IPN). the precursor to all penicillins, cephalosporins and cephamycins. 

20 After synthesis of IPN. the pathways to cephalosporins and penicillins diverge, in Penicillium 
chrysogenum , for example, the a-aminoadipyl side chain of IPN can be exchanged for one of many (neariy 
100 to date) hydrophobic side chains derived from the conresponding acyl CoA One of the most familiar 
examples is the formation of penicillin G (benzylpenicillin) from phenylacetyl CoA and IPN. However, in the 
fungus C. acremonium. the a-aminoadipyt side chain is isomerized to produce penicillin N. The five- 

25 membered thiazolidine ring of the penicillin is then "expanded" to the six^membered dihydrothiazine ring 
that is characteristic of the cephalosporins. This reaction is catalyzed by deacetoxycephalosporin C 
synthetase (DAGCS) and produces the first cephalosporin in the pathway, deacetoxycephalosporin C 
(DAGO). Although the DAGCS activities from Gephalosporium acremonium and the gram-positive bacteria, 
Streptomyces clavuligeais and S. lactamdurans . have been extensively characterized, the remaining steps 

30 in the pathway are less well understood. 

The present invention provides a gene encoding an activity of the ;8-iactam biosynthetic pathway. 
Isopenicillin N epimerase. The activity is also known as racemase. The present invention expands the 
repertoire of beta-lactam biosynthetic enzymes which can be over- produced. This ability facilitates the 
bioconversion of substrate analogs to novel beta-lactams and strain improvement by increased gene 

35 dosage. 

The present invention comprises a DNA sequence that encodes isopenicillin N epimerase activity from 
Streptomyces clavullgerus . Isopenicillin N epimerase (racemase) catalyzes the reaction in which penicillin N 
is formed from isopenicillin N and is also refen^ed to as racemase. The enzyme converts the L-alpha- 
aminoadipyl side chain of isopenicillin N to a D-alpha-aminoadipyl side chain. It is now referred to as 

40 racemase rather than the former epimerase because it appears to establish an equilibrium between the two 
forms. The enzyme is highly unstable, but the reaction catalyzed is a critical step in the biosynthesis of 
important antibiotics, such as cephalosporins from Gephalosporium acremonium and 7a-methox- 
ycephaiosporins or cephamycins from Streptomyces clavullgerus and S. lipmanii. Thus, it is quite important 
to be able to produce the activity in large quantities. 

45 The DNA compounds of the present invention encode the racemase activity in a single open reading 
frame. Transcription of this open reading frame, followed by translation of the resulting mRNA. yields a 
single polypeptide chain that possesses racemase activity. The DNA compound that encodes ttie racemase 
activity was isolated from Streptomyces clavuligems genomic DNA and used to construct recombinant DNA 
expression vectors. Four types of thes xpr ssion v ctors are especially useful: the first drives high-level 

so expression of the racemase activity in E. coli; the second in Gephalosporium ; the third in Penicillium; and 
th fourth in Streptomyces . = 

The E. coli-produced racemase activity catalyzes the formation of penicillin N from isopeniciilin N. 
Crude c II xtracts f th s E. coH transformants of the invention exhibit racemase activity. These E. coli 
expression vectors and transformants provid an efficient means for obtaining large amounts of "active 
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racemase. The racemase is useful not only for the production of penicillin N but also for the production of 
unique antibiotics. 

The Cephaiosporium vectors of the present invention are useful for purposes of constructing strains for 
use by the pharmaceutical industry. Cephaiosporium is an economically Important organism used to 

6 produce cephalosporin antibiotics. Transfonmation of Cephaiosporium with the expression vectors of this 
invention results in higher intracellular levels of racemase activity in the transformants. These transformants 
can be used to increase the efficiency of. and yield of antibiotic in. industrial fermentation processes. 
Transfonmation of C. acremonium strains that lack a functional racemase gene with vectors of the invention 
yields transformants that synthesize penicillin N. Penicillin N is useful as an intermediate in the preparation 

w of orally absorbed, clinically important antibiotics. 

The Penicillium vectors of the present invention are most useful to introduce cephalosporin synthesizing 
activities into high-level penicillin producing Penicillium strains. The racemase activity is useful for the 
formation of penicillin N as a precursor to the conversion of the various penicillins to cephalosporins by 
expandase, either alone or In conjunction with other activities, such as deacetyicephalosporin 0 synthetase 

75 (DACS, which catalyzes the fomDation of deacetyicephalosporin C from DAOC, a hydroxylation reaction). 
For example, concomitant expression of isopenicillin N epimerase activity and DAOCS activity in Penicillium 
leads to production of DAOC. a heretofore unknown metabolite in Penicillium . 

The DNA compounds, encoding the racemase activity are readily modified to construct expression 
vectors that increase the efBciency and yield of fermentations involving other organisms, such as 

20 Paecilomyces and Streptomyces, especially S. clavuligerus . Although the racemase-activity-encoding DNA 
of the present invention was isolated from S. clavuligerus , this DNA can be used to construct vectors that 
drive expression of racemase activity in a wide variety of host celts, as illustrated by the E. coli expression 
vectors described above. The construction protocols utilized for the E. coH. Cephaiosporium , and Penicillium 
vectors of the invention can be followed to construct analogous vectors for other organisms, merely by 

25 substituting, if necessary, the appropriate regulatory elements. The racemase-encoding DNA compounds of 
the present invention can be used to construct expression vectors useful for improving tfie efficiency and 
yield of fermentations involving a wide variety of penicillin and cephalosporin antibiotic-producing or- 
ganisms. 

The following section provides a more detailed description of the present invention. For purposes of 
30 clarity and as an aid in the understanding of the invention, as disclosed and claimed herein, the following 
items are defined below. 

amdS - an acetamidase gene; also used in the Rgures to denote the Aspergillus nidulans acetamidase 
gene. 

amd Sp - the promoter of the amd S gene. 
35 AmR • the apramycin resistance-conferring gene^ also used to denote the apramycin-resistant phenotype. 
Antibiotic - a substance produced by a microorganism that, either naturally or with limited modification, will 
inhibit the growth of or kill another microorganism or eukaryotic cell. 

Antibiotic Biosynthetic Gene - a DNA segment that encodes an activity necessary for an enzymatic reaction 
in the process of converting primary metabolites into antibiotics or converting one antibiotic compound into 

40 a different antibiotic compound. 

Antibiotic-Producing Organism - any organism, including, but not limited to. Streptomyces, Bacillus . 
Flavobacterium . Monospora. Cephaiosporium , Paecilomyces . Podospora , Penicillium , and Nocardia . that 
either produces an antibiotic or contains genes that, if expressed, would produce an antibiotic. 
Antibiotic Resistance-Conferring Gene - a DNA segment that encodes an activity that confers resistance to 

45 an antibiotic. 

ApR- the ampiciilin resistance-confenring gene; also used to denote the ampicillin-resistant phenotype. 
bGH - bovine growth homnone or DNA encoding same, 
bp - a base pair of double-stranded DNA. 

CAT - the chloramphenicoi resistance-conferring gene, which encodes an acetyltransferase. 
so cl857 - a gene encoding a temperature sensitive repressor of the XpL promoter. 

cIPS - isopenicillin N syntiietase or isopenicillin N synthetase-encoding DNA from Cephaiosporium ac- 
remonium . 

Cloning - the process of incorporating a segment of DNA into a recombinant DNA cloning vector. 
Coding sequence - th sequence of DNA in a gene that encodes either th amino acid residue s qu nee of 
55 the protein expressed by the gene or, in the case of rRNA or tRNA g nes, tii RNA sequ nee of the rRNA 
or tRNA expressed by tiie gene. 

Cosmid - a recombinant DNA cloning vector that can replicate In a host cell in tii sam manner as a 
plasmid but ttiat can also utiliz phage packaging mechanisms. 
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Gene - a segment of ONA that comprises a promoter, translattonal activating sequence, coding sequence, 
and 3' r gulatory sequences position d to driv expression of tlie gene product, ither a prot in (and tlius 
necessarily an mRNA). tRNA. or rRNA, 

Genomic Library - a set of recombinant DNA cloning vectors into wtiicli segments of DNA, which 
5 substantially represent the entire genome of a particular organism, have been cloned. 
hGH - human growth hormone or DNA encoding same. 

HmR - the hygromycin resistance-conferring gene; also used to denote the hygromycin-resistant 
phenotype. 

Hybridization - the process of annealing two single-stranded DNA molecules to form a doubfe-stranded DNA 
70 molecule that may or may not be completely base-paired. 
IPS or IPNS - isopenicillin N synthetase. 
Isopenicillin N - has the structure depicted below: 

Isopenicillin N Synthetase * an enzyme, also known as cyclase, that catalyzes the formation of isopenicillin 
N from a-{L-a-aminoadipyl)-L-cyst6inyl-D-valine. 

KmR - the kanamycin resistance-conferring gene; also used to denote the kanamycln-resistant phenotype. 
25 lad - the E. coli lad gene. 

lacZo - the promoter and ^-galactosidase (lacZ) a-fragment derived from the E. coll lac operon. 

IppT - the transcription temninator of the E. coli Ipp gene. 

IppP - the promoter of the E. coif Ipp gene. 

Ml 3 ORI - the origin of replication of phage Ml 3. 
30 mel - the tyrosinase gene. 

MCS - a multiple-cloning site. 

mRNA - messenger ribonucleic acid. 

ORI - a ptasmid or vector origin of replication, the DNA sequence that serves as an attachment or start site 
for DNA polymerase. 
35 Pen DNA - DNA from Peniciilium chrysogenum . 
Penicillin N - has the structure depicted below: 



TS 



20 



pIPS - the IPS gene or IPS coding sequence of Peniciilium chrysogenunn . 

pIPSp - the promoter of the IPS gene of Peniciilium chrysogenum . 

pIPSt - the transcription terminator of the IPS gene of Peniciilium chrysogenum . 

pL - the leftward promoter from bacteriophage lambda. 

Promoter - a DNA sequence that directs or Initiates the transcription of DNA. 

fiacemase activity - an enzymatic activity which catalyzes the conversion of isopenicillin N to penicillin N 
and vice-versa and is ncoded by th gene of the present invention or by DNA which can be identified by 
using the gene of the present invention as a probe. 

R combinant DNA Cloning Vector - any autonomously replicating or integrating agent, including, but not 
limited to. plasm ids, comprisfng a DNA molecule to which one or more additional DNA molecul s can be or 
have been added. 

Recombinant DNA Expression Vector - any autonomously replicating or integrating agent, including, but not 
limited to. plasmids. comprising a promoter and other regulatory sequences positioned to drive expression 
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of a DNA segment that encodes a polypeptide or RNA of res arch or commercial int r st. 
Recombinant DNA Vector - any recombinant DNA cloning or expr ssion vector. 
Restriction Fragment - any linear DNA molecule generated by th action of one or more nzym s. 
rRNA • ribosomal ribonucleic acid. 
5 Sensitive Host Ceil - a host ceil that cannot grow or whose growth is Inhibited in the presence of a given 
antibiotic without a DNA segment that confers resistance thereto. 

TcR - the tetracycline resistance-confemng gene; also used to denote the tetracycline-resistant phenotype. 
Transcription Terminator - a DNA sequence that signals the termination of transcription of DNA by RNA 
polymerase. 

10 Transfectant - a recipient host cell that has undergone transformation by phage DNA or by DNA packaged 
into a phage particle. 

Transformant - a recipient host cell that has undergone transformation. 

Transformation - the introduction of DNA into a recipient host cell that changes the genotype and results in 
a change in the recipient cell. 
75 Translational activating sequence - a regulatory DNA sequence that, when transcribed into mRNA. promotes 
translation of mRNA into protein. 
tRNA - transfer ribonucleic acid. 

trp - the promoter and translational activating sequence of the tryptophan operon of E. coll. 

The restriction site and function maps presented In the accompanying drawings are approximate 
20 representations of the recombinant DNA vectors discussed herein. The restriction site information is not 
exhaustive; therefore, there may be more restriction sites of a given type on the vector than actually shown 
on the map. 

Rgure 1 . A restriction site and function map of plasmid pOW390. 
Rgure 2. A restriction site and function map of plasmid pCZR1 1 1 , 
25 Figure 3, A restriction site and function map of plasmid pOW392. 

Figure 4. A diagram of beta-lactam biosynthetic pathways. 
Rgure 5. A restriction site and function map of plasmid pPSJ78. 
Rgure 6. A restriction site and function map of plasmid pLC2. 
Rgure 7. A restriction site and function map of plasmid pPSJ77. 
30 Rgure 8. A restriction site and function map of plasmid pPS51 . 

Rgure 9. A restriction site and function map of plasmid pMLC12. 
Rgure 10. A restriction site and function map of plasmid p3SR2. 
The present invention comprises DNA compounds and recombinant DNA cloning and expression 
vectors that encode the racemase activity of Stireptomyces clavuligerus . The sequence of the S. 
05 clavuligerus racemase-encoding DNA is depicted below, togetiier with a portion of the DNA that flanks tine 
3 end of tiie coding region in the S. clavuligerus genome. In the depiction, only the "sense" or coding 
strand of the double-stiranded DNA molecule is shown, and the DNA is depicted from left to right in tine 5 
— Z orientation. The nucleotide sequence Is numbered; tiie numbers appear to the left of the DNA 
sequence. The amino acid residue sequence of the racemase encoded by the DNA is listed, following the 
40 DNA sequence, from left to right in the ami no-terminus carboxy-terminus direction. 
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1 


ATGGCG6TAG 


CCGACTGGGA 


AGAAGCCCGC 


6GCCGTATGC 


TGCTC6ACCC 


51 


CACCGTCGTC 


AACCTCAACA 


CCGGCTCCGG 


GGGACCGCTG 


CCGCGCAGCT 


101 


TCGAGC6GGT 


CACCGGCTTC 


CGCGGCCATC 


TCGCGGCCGA 


GCC6ATGGAC 


151 


TTCCT6CTCC 


GCGAGGTCqC 


CGCACTGCTG 


T6GCAGGCGC 


GGGAGAGCCT 


201 


CGCCC6CCTC 


ATCG6CGGGG 


ACCCGCTGCG 


CCTCGCCCT6 


GCCACCAACG 


251 


TCACCGCCGC 


CGTCAACCTC 


GTCGCGTCGT 


CACTGCGCCT 


CGAAGCGCCC 


301 


GGCGAGATCC 


TGCTCAGCGA 


CGACGAGTAC 


ACGCCCATGC 


GCTGGTGCTG 


351 


GGAGCGGGTC 


GCCCGGCGGC 


ACGGCCTGGA 


GGTGAGGACG 


TTCC6GCTGC 


AOl 


CCGAGCTGCC 


CTCGGACCCG 


GCCGAGATCA 


CCGCGGCGGC 


GGTCGCCGCG 


451 


ATGGGACCGC 


GCACCCGGCT 


GTTCTTCTTC 


AGCCATGTCG 


TCTCCACGAC 


501 


CGGGCTGATC 


CTGCCCGCCG 


CCGAACTGTG 


CGAGGAGGCC 


CGCGCACGGG 


551 


GCATCACCAC 


CGTGGTC6AC 


GGCGCCCACG 


CACCCGGCTT 


CCTCGACCTC 


601 


GACCTCTCCC 


GGATCCCCTG 


CGACTTCTAC 


GCGGGCAGCG 


GCCACAAATG 


651 


GCTGCTCGCC 


CCCACCGGGG 


TCG6CTTTCT 


CCACCTCGCC 


CCCGGCCGCC 


701 


TGGAAGAACT 


GGAGCCCACC 


CAGGTGAGCT 


6GGCGTACGA 


GCCCCCGGAG 


751 


GCAGCGGCCC 


GCCGGCCGCG 


CGCGACCGCT 


GTCGGCAGCA 


CACCCGGGCT 


801 


GCGCAGACTC 


GAATGCGAGG 


GGACCCGGGA 


CATCTGCCCC 


TGGCTCGCCA 


851 


CACCGGA6TC 


GATCGACTTC 


CAGGCCGAGC 


TGGGCCCCGG 


GGCC^TCCGC 


901 


GCCCGGCGCC 


GCGAGCTGAC 


GGACCACGCG 


CGCCGCCTGC 


TCGCCGACCG 


951 


CCCGGGCCGC 


ACGCTCCTCA 


CCCCCGACTC 


CCCGGAGCTG 


TCCGGCGGCA 


1001 


TGGTGGCCTA 


CCGGCTGCCC 


CCGGGAACCG 


ACGCGGCCGA 


GCTGCGCCGG 


1051 


GGGCTCTGGG 


AGCGCTTCCG 


GATCGAGGCC 


GCGGTGGCCG 


AGCAGCCGCC 


1101 


CGGGCCGGTG 


CTCCGGATCT 


CGGCGAACTT 


CTACACCACC 


GAAGAGGAGA 


1151 


TCGACCGCCT 


GGCGGACGCG 


CTGGACGCGC 


TGACGGGCGA 


GTGATCCCCC 


1201 


CGGCTCGCGG 


ACCGCCTCCC 


CCGCGCTGTT 


GACCACCCGG 


TTCACGGATT 


1251 


ACGAGAGGAT 


CAGTGAGAGT 


TG 







wherein A is deoxyadenyl, G is deoxyguanyl. C Is deoxycytidyl, and T is thymldyl. 
Following is the amino acid sequence encoded by the preceding DNA sequence: 
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NH2--M t Ala Val Ala Asp 


Trp 


Glu 


Glu 


Ala 


Arg 




Gly Arg net Leu Leu 


Asp 


Pro 


Thr 


Val 


Val 




Asn Leu Asn Thr Gly 


Ser 


Gly 


Gly 


Pro 


Leu 


6 


Pro Arg Ser Phe Glu 


Arg 


Val 


Thr 


Gly 


Phe 




Arg Ala Bis Leu Ala 


Ala 


Glu 


Pro 


Met 


Asp 




Phe Leu Leu Arg Glu 


Val 


Pro 


Ala 


Leu 


Leu 


10 


Trp Gin Ala Arg Glu 


Ser 


Leu 


Ala 


Arg 


Leu 




lie Gly Gly Asp Pro 


Leu 


Arg 


Leu 


Ala 


Leu 




Ala Thr Asn Val Thr 


Ala 


Ala 


Val 


Asn 


Leu 


15 


Val Ala Ser Ser Leu 


Arg 


Leu 


Glu 


Ala 


Pro 




Gly Glu lie Leu Leu 


Ser 


Asp 


Asp 


Glu 


Tyr 




Thr Pro Met Arg Trp 


Cys 


Trp 


Glu 


Arg 


Val 


20 


Ala Arg Arg His Gly 


Leu 


Glu 


Leu 


Arg 


Thr 


Phe Arg Leu Pro Glu 


Leu 


Pro 


Ser 


Asp 


Pro 




Ala Glu lie Thr Ala 


Ala 


Ala 


Val 


Ala 


Ala 




Met Gly Pro Arg Thr 


Arg 


Leu 


Phe 


Phe 


Phe 


25 


Ser His Val Val Ser 


Thr 


Thr 


Gly 


Leu 


He 




Leu Pro Ala Ala Glu 


Leu 


Cys 


Glu 


Glu 


Ala 




Arg Ala Arg Gly lie 


Thr 


Thr 


Val 


Val 


Asp 


30 


Gly Ala His Ala Pro 


Gly 


Phe 


Leu 


Asp 


Leu 




Asp Leu Ser Arg lie 


Pro 


Cys 


Asp 


Phe 


Tyr 




Ala Gly Ser Gly His 


Lys 


Trp 


Leu 


Leu 


Ala 


35 


Pro Thr Gly Val Gly 


Phe 


Leu 


His 


Leu 


Ala 


Pro Gly Arg Leu Glu 


Glu 


Leu 


Glu 


Pro 


Thr 




Gin Val Ser Trp Ala 


Tyr 


Glu 


Pro 


Pro 


Glu 




Ala Ala Ala Arg Arg 


Pro 


Arg 


Ala 


Thr 


Ala 


40 


Val Gly Ser Thr Pro 


Gly 


Leu 


Arg 


Arg 


Leu 




Glu Cys Glu Gly Thr 


Arg 


Asp 


He 


Cys 


Pro 



45 



50 
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Trp 


Leu 


Ala Thr Pro 


Glu 


Ser 


He 


Asp 


Phe 




Gin 


Ala 


Glu Leu Gly 


Pro 


Gly 


Ala 


He 


Ara 




Ala 


Arg 


Arg Arg Glu 


Leu 


Thr 


Asp 


His 


Ala 


5 


Arg 


Arg 


Leu Leu Ala 


Asp 


Arg 


Pro 


Gly 


Arg 




Thr 


Leu 


Leu Thr Pro 


Asp 


Ser 


Pro 


Glu 


Leu 




Ser 


Gly 


Gly Met Val 


Ala 


Tyr 


Arg 


Leu 


Pro 


10 


Pro 


Gly 


Thr Asp Ala 


Ala 


Glu 


Leu 


Ara 


Arcr 




Gly 


Leu 


Tro Glu Ara 


Phe 


Arg 


He 


Glu 


Ala 




Ala 


Val 


Ala Glu Gin 


Pro 


Pro 


Gly 


Pro 


Val 


15 


Leu 


Arg 


lie Ser Ala 


Asn 


Phe 


Tyr 


Thr 


Thr 




Glu 


Glu 


Glu lie Asp 


Arg 


Leu 


Ala 


Asp 


Ala 




Leu 


Asp 


Ala Leu Thr 


Gly 


Glu 


£nd 


Ser 


Pro 




Arg 


Leu 


Ala Asp Arg 


Leu 


Pro 


Arg 


Ala 


Val 


20 


Asp 


His 


Pro Val His 


Gly 


Leu 


Arg 


Glu 


Asp 



Gln-COOH 



wherein Ala is an alanine residue. Arg is an arginine residue* Asn is an asparagine residue, Asp is an 
aspartic acid residue. Cys is a cysteine residue. Gin is a glutamine residue. Glu is a glutamic acid residue. 
Gly is a glycine residue. His is a histidine residue, lie is an isofeucine residue, Leu is a leucine residue, Lys 
is a lysine residue. Met is a methionine residue. Phe is a phenylalanine residue. Pro is a proline residue, 
Ser is a serine residue. Thr is a threonine residue. Trp is a tryptophan residue. Tyr is a tyrosine residue, 
and Val is a valine residue. 

Those skilled in the art will recognize that the DNA sequence depicted above is an important part of the 
present invention. The above sequence can be conventionally synthesized by the modified phosphotriester 
method using fully protected deoxyribonucteotide building blocks. Such synthetic methods are well known 
in the art and can be carried out in substantial accordance with the procedure of Itakura et al.. 1977. 
Science 198:1056 and Crea et al., 1978, Proc. Nat. Acad. Sci. USA 75:5765. In addition, an especially 
preferred method is disclosed in Hsiung et al.. 1983, Nucleic Acid Research 11:3227 and Narang et at., 
1980. Methods in Enzymology 68:90. In addition to the manual procedures referenced abovQ, the^DNA 
sequence can be synthesized using automated DNA synthesizers, such as the Systec 1450A or ABS 
(Applied Biosystems. 850 Lincoln Centre Drive. Foster City. CA 94404) 380A DNA Synthesizers. . 

Due to the degenerate nature of the genetic code, which results from there being more than one codon 
for most of the amino add residues and the translation stop signal, the amino acid residue sequence of 
racemase enzyme depicted above can be encoded by a multitude of different DNA sequences. Because 
these alternate DNA sequences would encode the same amino acid residue sequence of the present 
invention, the present invention further comprises these alternate sequences. 

The present invention comprises DNA compounds and recombinant DNA cloning and expression 
vectors that encode the racemase activity of Streptomyces clavuligerus . 

The racemase activity encoding DNA compounds of the present invention were isolated from a strain of 
Streptomyces clavuligerus . A genomic library of the total genomic DNA of the S^ clavuligerus strain was 
constructed and examined for the presence of sequences homologous to a deoxynbooligonucleotide probe. 
This probe was constructed in accordance with information obtained about the amino-terminal amino acid 
sequence of the S. clavuligerus racemase. with knowledge of the genetic code, and with knowledge of 
codon usage preferences of Streptomyces . DNA sequencing revealed which vector encoded the S. 
clavuligerus racemase.. ~ 

An -3.6 kb Kpn l restriction fragment of a cosmid designated as pOW379 that was identified as 
comprising th racemase g n was inserted into commercially available plasmid pUC19 (digested with 
Kpnl) to yield plasmid. pOW390. which was then transformed into E. coli K12 RR1 AMIS host cells. Th E. 
coiT K12 RR1AM15/pOW390 transformants have been deposited and made part of the stock cultuF 
collection of the Northem Regional Research Laboratories (NRRL). Peoria. IL 61604, under th accession 
number NRRL B-18431 (date of deposit: Novemb r 15. 1988). A restriction site and function. map of plasmid 
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pOW390 is presented in Figure 1 of tlie acconnpanying drawings. 

Plasmid pOW390 serves as useful starting material for the construction of other xpression vectors of 
the invention. These vectors are especially useful in a method for producing racemas activity in a 
recombinant host cell said method comprising: (1) transforming said host cell with a recombinant DNA 

5 expression vector that comprises: (a) a promoter and translational activating sequence; and (b) a DNA 
sequence that encodes racemase activity and is positioned for expression from said promoter and 
translational activating sequence; and (2) culturing said host cell transfomied in step (1) under conditions 
that allow for expression of said racemase activity. 

Plasmid pOW390 can be isolated from E coli K12 RR1AM15/pOW390 by the procedure described in 

10 Example 1. Plasmid pOW390 contains the intact Streptomyces clavuiigerus racemase gene, which can be 
isolated, for example, from the plasmid on an -3.6 kb Kpnl restriction fragment Plasmid pOW390 was used 
as starting material in the construction of a plasmid. designated pOW392. that drives high-level expression 
of racemase activity in E coli. To facilitate manipulation of the S. clavuiigerus racemase coding sequence, a 
Ncol restriction enzyme recognition sequence was created at position -2 to +4 of the S. clavuiigerus 

75 racemase DNA coding sequence in plasmid pOW392. 

The creation of the Ncol site was done by M13 site-directed mutagenesis techniques and involved 
changing DNA bases sun-ounding the start codon of the racemase gene from ACATGG to CCATOG. One 
skilled in the art will recognize that DNA mutagenesis techniques are commonly used to Introduce 
restriction enzyme recognition sites Into DNA sequences and that in this case the encoded amino acid 

20 sequence was not changed. The mutagenesis and intermediate constructs are descritied in greater detail in 
Example 2. 

Plasmid pOW392 can be constructed by inserting the Streptomyces clavuiigerus racemase coding 
sequence into plasmid pCZRin (available from the NRRL under accession number NRRL B-18249, date of 
deposit August 11. 1987). an expression vector that comprises the lambda pL (XpU) promoter and a 

25 translation activating sequence, the cl857 temperature sensitive repressor gene, a tetracycline resistance- 
conferring gene, and DNA sequences encoding vector replication functions. For a detailed description of the 
construction of pOW392. see Bcample 2. The XpL-derived promoter of plasmid pCZRIII is positioned to 
drive expression of the racemase gene. At low temperatures of about 30* C, the cl857 protein encoded on 
plasmid pCZRIII or its derivatives is active and able to repress activity of the XpL promoter, but when the 

30 temperature is raised to about 42 *C, the cl857 protein is inactivated, and the XpL promoter drives 
transcription of large amounts of mRNA encoding the gene product of interest A restriction site and 
function map of plasmid pCZRI 1 1 is presented in Rgure 2 of the accompanying drawings. 

Plasmid pOW392 comprises the same cl857 gene. XpL promoter, and translational activating sequence 
as does plasmid pCZRl 1 1 but further contains the coding sequence of the racemase gene from plasmid 

35 pOW390 positioned for expression from the XpL promoter. The -1.7 kb Styl restriction fragment of plasmid 
pOW390 comprises the complete coding sequence for racemase. Plasmid pOW392 was constructed so 
that the xpL promoter and the translational activating sequence of plasmid pCZRT11 are positioned to drive 
expression of the racemase-activlty-encoding DNA. A restriction site and function map of plasmid pOW392 
is presented in Rgure 3 of the accompanying drawings. 

40 At temperatures of about 42* d E. coli K12 JM109/pOW392 expresses racemase activity at high levels, 
approaching -5% of the total cell proteTn. Crude cell extracts from these E. coli K12 JMl09/pOW392 
transform ants are able to catalyze the conversion of isopenicillin N into penicillin N. whereas cell extracts 
from non-transformed E. coli K12 JM109 cells cannot catalyze this conversion. The method of assay and 
results of the assay for the conversion reaction are presented in Example 4. 

45 Many E. coli K12 strains contain an endogenous penicillinase activity, probably encoded by the amp C 
locus. ForlhiTTeason it is desirable to effect a partial purification of the racemase polypeptide so that 
. optimal racemase activity is observed. For these purposes, purification of the enzyme can be used to 
separate the endogenous E. coli penicillinase activity from the desired racemase activity. 

Plasmid pOW392 provides an efficient means of producing large amounts of racemase activity in E. 

50 coli; Because culturing E. coli is less complex tiian culturing organisms that naturally produce racemase. E. 
coii/pOW392 transformants can be used to produce recombinant racemase more efflcientiy and ec- 
onomically than non-recombinant or "natural" racemase producers. 

Racemas can b us d to produce penicillin N from isopenicillin N in a c ll-free system as described in 
ExampI 3. Penicillin N is not only a us ful antibiotic, but also can b used as th starting material for the 

55 production of such important antibiotics as cephal xin and other cephalosporins (see U.S. Patent No. 
4,307.192). Perhaps the most Important use of racemase is th use of th nzyme to transform penicillins 
other tiian isopenicillin N into novel antibiotic derivatives. An example would be to use cephamycin C as a 
substrate for racemase. catalyzing the reaction in a direction reverse from its mode in natural biosynth tic 
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pathways, to generate an L-aminoadipoyl derivative which could then serve as a substrate to form 7- 
aminocephaiosporanic acid, a starting matenal for semi-synthetic cephalosporins. 

Cell-free extracts of penicillin and cephalosporin-produclng organisms can be used to synthesize 
unnatural (not produced in nature) /3-lactams. The E. coK expression vectors of the present invention 

5 provide an inexpensive and efficient method of obtaining racemase activity, which can be used in vitro to 
modify penicillins to form novel antibiotics or antibiotic core structures. 

Plasinid pOW392 is especially preferred for driving expression of racemase activity in E. coli not only 
because of the high expression levels achieved when using the plasmid but also because ofthTselectable 
marker present on the plasmid. Many recombinant DNA vectors encode a )9-lactamase. so that cells 

70 containing the vector can grow in the presence of certain iS-lactam antibiotics, such as ampiclliln. However, 
if one desires to use a cell-free extract containing racemase activity for purposes of constructing jS-lactams, 
one does hot want the extract to contain i9-lactamase activity. Thus, plasmid pOW392 does not encode a /J- 
lactamase for a selectable marker but rather employs a tetracycline resistance-conferring gene, which 
encodes a protein that does not react with jS-lactams. 

IS The racernase expression vectors of the present invention, however, are not limited to a particular 
selectable marker. Those skilled in the art recognize that many selectable markers are suitable for use on 
racemase expression vectors. Such selectable markers include, for exampiOt genes that confer kanamycin 
resistance, genes that confer chloramphenicol resistance, or other antibiotic resistance-conferring genes. 
The search for unnatural penicillins that will serve as substrates for racemase can be compfemented by 

20 a search for mutant racemase enzymes that will accept other penicillins as substrate. The present invention 
provides the starting material for such a search for a mutant racemase and comprises DNA compounds 
derived through mutagenesis of the racemase coding sequence. E. coli is a preferred host for mutational 
cloning experiments, and the E. coli expression vectors of the present inventron can be readily mutated by 
procedures well known in the art, such as, for example, treatment with radiation (X-ray or UV) or chemical 

25 miutagens (such as ethylmethanesulfonate, nitrosoguanidine, or. methyl methanesulfonate) or site-specific 
mutagenesis, to obtain mutant enzymes that recognize unnatural penicillins as substrate. 

As those skilled in the art will recognize, the present invention allows one to change the codons for the 
racemase gene at will. Given the DNA sequence for the racemase gene, procedures familiar to one skilled 
in the art are used to generate mutant racemase enzymes that vary from the natural racemase enzyme at 

30 any number of amino-acid residue positions. Such mutant enzymes would be encoded by mutant racemase 
coding sequences, including sequences in which amino-acid codons have been deleted from or inserted 
into the natural racemase coding sequence. Such mutant enzymes are within the scope of the present 
invention, because even if one cannot absolutely predict whether a given mutation will destroy activity of the 
encoded racemase. one need merely express the mutant sequence to ascertain the effect on racemase 

3S activity. 

The present invention is not limited to the particular vectors exemplified herein. Instead, the present 
invention comprises DNA compounds that encode the racemase activity of Streptomyces clavuligerus. The 
DNA compounds of the present invention can be used to construct expression vectors that drive expression 
of racemase activity in any host cell in which the expression vector replicates or integrates and in which the 
promoter and translational activating sequence are functional. 

Therefore, the present Invention comprises any E. coli expression plasmid or vector that drives 
expression of racemase activity in E. coli . TTius, the present Invention comprises expression vectors that 
drive expression of racemase activity and utilize a replicon functional in E. coli. such as. for example, a 
replicon from such plasmids as pBR322, pACYC184. F. CoIV-K94, R1, R6^,^R100. Nor Is the present 
45 invention solely limited to plasmid vectors, for the present invention also comprises expression vectors that 
express racemase activity and utilize integration or viral replication to provide for replication and main- 
tenance in the host cell. 

The present invention is not limited to a particular promoter and translational activating sequence to 
drive expression of the racemase activity-encoding DNA. The present invention comprises the use of any 

Bo promoter and translational activating sequence that function in E. coli and is used to express racemase 
activity in E. coli. Many promoter and translational activating sequences functional in E. coli are known and 
are suitable for driving expression of racemase activity in E coli. Such transcriptionaTand translational 
activating sequences includ , but are not limited to. the Ipp, lac, trp. tec, xpL, and XpR promoter and 
translational activating sequences. 

55 In addition, transcriptional and translational activating sequences from other organisms can be ligated to 
the present racemase-activity-encoding DNA compounds ta form expression vectors that drive expression 
of isopenicillin N epimerase activity in host cells in which tiie activating sequence functions. Although E. coli 
is the host best suited for racemase production and subsequent purification for in vitro use. vectorTtiiat 
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drive expr ssion of isopenicillin N epimeras activity in host cells other than E. ooli are also useful, 
especially for purposes of increasing the antibiotic-producing ability and efficiency of a given organism. 

A variety of organisms produce j8-lactam antibiotics. The following Table pr sents a non-compr hensiv 
list of iS-lactam antibiotic-producing organisms. 

TABLE I 



p -Lactam Antibiotic-Producing Organisms 



10 



IS 



20 



25 



30 



35 



40 



Organism 

Aqrobacterium 

Arachnomyces 
minimus 

Anixiopsis 

peruviana 

Cephalosporium 
acremonium 
purpurascens 
polvaleurum 
chrysoqenxim 
curtipes 

Chromobacterium 

Emericellopsis 
terricola 
minima 

synnematicola 
glabra 
mirabilis 
salmosvnnemata 

Flavobac-terium 

Gluconobacter 



Antibiotic 

various p-lactams 

penicillins and 
cephalosporins 

penicillins and 
cephalosporins 



penicillins and 
cephalosporins 



various p« lactams 

penicillins and 
cephalosporins 



various p -lactams 
various p-lactams 



45 



50 



Nocardia 

lactamadurans 
uniformis 

Paecilomyces 
cameus 
persicinus 



cephamycin C 
nocardicin 

penicillins eind 
cephalosporins 



55 
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Penicillium 



chrysoaentim 



Serratia 

Spiroidiiam 
fuscuin 

Streptomyces 

antibioticus 
arqenteolus 

cattleya 
chartreusis 

cinnamonens i s 
clavuliqerus 



finbriatius 

flavovirens 

flavus 

fulvoviridis 
qriseus 

halstedi 
heteromorphus 

hygroscopicus 
lipmanii 



olivaceus 

panayensis 

pluracidoroyceticus 

rochei 

sioyaensis 

sp. OA-6129 

sp« KC-6643 

•tokunomens i s 

viridochromoqenes 

wadayamensis 



various penicillins and 
olJier p-- lactams 

various p*lactaias 

penicillins and 
cephalosporins 



clavulanic acid 

asparenomycin A, 

MH 4550, and MM 13902 

thienaznycin 

SF 1623 and 

cephamycin A and B 
cephamycin A and B 
PA-32413-I, cephamycin C, 

A16866A, penicillins, 

cephalosporins , 

clavulanic acid, 

and other clavams 
cephamycin A and B 
MM 4550 and MM 13902 
MM 4550 and MM 13902 
MM 4550 and MM 13902 
cephamycin A and B 
and carpetiimycin A and B 
cephamycin A and B 
C2081X and 

cephamycin A and B 
deacetoxy-cephalosporin C 
cephamycin, penicillin N, 
7-methoxycephalosporin C, 
A16884, MM4550, MM13902 
epithienamycin F, 
MM 4550, and MM 13902 
C2081X and 

cephamycin A and B 
pluracidomycin A 
cephamycin A and B 
MM 4550 and MM 13902 
OA-6129A 
carpetimycin A 
asparenomycin A 
cephamycin A and B 
WS-3442-D' 



Some of the foregoing /S-lactam antibiotic-producing organisms are used in the pharmaceutical industry 
for purposes of antibiotic production. The antibiotic-producing ability of these organisms can be Increased 
and made more efficieht by increasing the intracellular concentration of the antibiotic biosynthetic enzymes 
during th fermentation. The racemase activity-encoding DNA compounds of th present inv ntion can be 
used to construct expression vectors that, when transformed into the appropriate host cell, increase the 
intracellular concentration of racemase activity of the transformed host cell and thereby increas the 
antibiotic-producing ability and fficiency of that cell, provided that the host cell produces a /5-lactam 
antibiotic via an intermediate reaction involving racemase activity. 

A vector tiiat will Increase the intracellular concentration of racemase activity of a given host cell into 
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which the vector is transformed requires the following elements: 1) a rac mase activity-encoding DNA 
compound of the present invenlion; and 2) a promoter and translational activating sequence that not only 
function in the host cell to be transformed, but also are positioned in the correct orientation and position to 
drive expression of the racemase activity-encoding DNA. Of course, stable transfomnants can only be 

5 obtained if the vector replicates, either as an extrachromosomal element or integrated in the genomic DNA. 
in the host cell. Thus, a preferred vector might contain sequences that specifically direct replication or 
integration of the vector in the host cell. However, the presence of such specific replication or integration 
sequences is not absolutely required* as non-specific integration may occur when DNA Is introduced into a 
host cell. A racemase expression vector could also comprise an antibiotic resistance-confen'ing gene or 

10 some other element that provides a means of selecting for host cells which contain the vector, but such 
selectable elements may neither be necessary nor desired when the vector integrates into the chromosomal 
DNA of the host cell. 

By providing the coding sequence of the racemase gene of Streptomyces davuligerus . the present 
invention provides racemase expression vectors for any organism susceptible to transformation. The E. coH 

15 racemase expression vectors described above illustrate the wide variety of expression vectors of the 
present invention. However, many of the prefen^d vectors of the invention are designed to drive expression 
of racemase in a /3-lactam antibiotic (including penicillins and cephalosporins) producing cell. 

The Penicilllum vectors of the Invention are illustrative of the vectors provided by the present invention 
that can be used to increase the yield of antibiotic from such a j8-lactam antibiotic-producing cell or to alter 

20 the antibiotic normally produced by the cell. One such illustrative vector, designated plasmid pPSJ78. 
contains the promoter and translational activating sequence of the Peniciltium isopeniclilin N synthetase 
(IPNS) gene positioned to drive expression of the racemase coding sequence of the present invention. A 
restriction site and function map of plasmid pPSJ78 is provided in Figure 5 of the accompanying drawings. 
The construction protocol for plasmid pPSJ78 and a variety of useful intermediates is set forth in 

25 Example 4. The first step in constructing pPSJ78 is to digest plasmid pOW392 with restriction enzyme 
EcoRI which cuts the plasmid one time. The resulting linear DNA Is then partially digested with restriction 
enzyme Ncol such that the --500 bp EcoRI-Ncol fragment containing the natural Streptomyces davuligerus 
promoter"and translational activating sequence is removed. In its place is inserted tine -925 bp EcoRU Nco l 
fragment from plasmid pLC2 (available from the American Type Culture Collection as ATCC 53334. date of 

30 deposit: November 20, 1985) which contains the Penicillium chrysogenum isopeniciliin N synthetase 
promoter and translational activating sequence. The resultant plasmid is entitied pPSJ77 (Rgure 7). The 
final step in constructing plasmid pPSJ78 is to insert an -5.65 kb EcoRI fragment containing the Aspergillus 
nidulans acetamidase gene from plasmid pPS51 into EcoRI-digested pPSJ77. The acetamidase gene 
functions as a selective marker in Penicillium . 

35 Racemase expression vectors that contain the acetamidase gene are particulariy useful as vectors for 
inserting genes into Penicillium chrysogertum , because no special recipient strain, such as an auxotroph. 
need be constructed, owing to the natural inability of P. chrysogenum to grow on acetamide as sole 
nitrogen source. Transfomnation systems based on complementation of auxotrophic markers by a gene in 
the transforming plasmid do not share this advantage. Frequentiy. pleiotropic mutations are associated with 

40 the Intro duction of an auxotrophic marker into a P. chrysogenum strain highly developed for penicillin 
production. Such mutations usually result In lower penicillin production (MacDonald et al., 1963. J. Gen. 
Microbiol. 33: 365-374). 

The vectors described above and in ttie Examples are merely illustrative of tfie wide variety of 
racemase expression vectors provided by the present invention. European Patent Publication Serial No. 

45 0281391. published September 7. 1988. describes the 5' and 3' regulatory signals of the Cephalosporium 
acremonium expandase-hydroxylase gene. The signals can be combined with the racemase coding 
sequence of the present invention to yield racemase expression vectors of the invention especially suited 
for use in Cephalosporium. European Patent Publication 0200425, published December 10. 1986. discloses 
the transcription and translation activating sequences of the Cephalosporium acremonium IPNS gene, which 

50 can be fused to the Streptomyces davuligerus racemase coding sequence of the present invention* to 
create a recombinant racemase gene that drives expression (when incorporated into an expression vector 
and the vector introduced into Cephalosporium) of tiie S. davuligerus racemase coding sequence in 
Cephalosporium . 

The racemase expression vectors of the present invention are useful for increasing the intracellular 
55 concentration of racemase activity in any cell, espedally )3-lactam antibiotic-producing cells. Plasmid 
pOW390 comprises the coding sequence of the racemase gene of Streptomyces davuligerus , so plasmid 
pOW390 can be us d to construct vectors for increasing the copy number of the racemase gene and thus 
for increasing intracellular cone ntration of ttie nzyme. Because ttae racemase coding sequence of the 
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invention was isolated from a Streptomyces host cell, the raeemase coding sequence is particularly well- 
suited for use in expression vectors designed to drive high-level expression of raeemase activity in 
Streptomyces host cells. The literature is replete with techniques for constructing Streptomyces expression 
vectors and for transforming Streptomyces host cells. See, for instance. Garcia-Dominguez et al., 1987, 
Applied and Environmental Microbiology 53(6):1376-1381. The raeemase Coding sequence of the Invention 
can be readily incorporated into an expression vector that compriseis a Streptomyces promoter and 
replicon. A variety of known Streptomyces promoters and replicons are available for such use. Table II is an 
illustrative, but not comprehensive, listing of Streptomyces plasmids from which Sti'eptomyces replicons 
can be obtained. Those skilled in tiie art recognize that, so Jong as the replicon function is not disrupted, all 
or part of ttie plasmids listed in the Table may be used to construct vectors that contain the raeemase gene 
of the present invention. The plasmid-containing host and depository accession number are also listed in 
Table II. 



TABLE II 



Streptomyces Plasmids 


Plasmid 


Host 


Accession 






Numt3er 


SCP2 


Streptomyces coelicolor A3(2) 


NRRL 15042 


SCP2* 


Streptomyces coelicolor M110 


NRRL 15041 


pEL7 


Sti'eptomyces ambofaciens/pEL7 


NRRL 12523 


puce 


Streptomyces espinosus 


NRRL 11439 


puca 


Streptomyces 3022A 


NRRL 11441 


SLP1 


Stireptomyces lividans 


NCIB' 11417 


pNMlOO 


Sti'eptomyces virginiae 


NRRL 15156 


pELioa 


Streptomyces granuloruber A399 12.13/pEL103 


NRRL 12549 


plJ702 


Streptomyces lividans 


ATCC2 39155 



^National Collection of Industrial Bacteria (NCIB). Torry Research Station, Post Office 
Box 31. 135 Abbey Road. Aberdeen AB98DG. Scotland, United Kingdom. 
^American Type Cultiire Collection, Rockville, MD 20852. 



The Streptomyces clavuligerus raeemase coding sequence of the invention can also be put under the 
control of ti-anscription and ti-anslation activating sequences derived from otiier strains of Stireptomyces. as 
well as from Penicillium , Cephalosporium . or any other host cell to constuct a recombinant raeemase gene 
for use in the given organism. 

The following Exampfes are provided to furttier illustrate and. exemplify, but do not limit tiie scope of. 
tfie present invention. 



Example 1 



A Culture of E coli K12 RR1 AM15/pOW390 

A lyophil of E. ^ K12 RRlAM15/pOW390 can be obtained from the Northern Regional Research 
Laboratories (NRRL), Peoria. IL 61604. under the accession number NRRL B-18431 (date of deposit: 
November 15, 1988) and used directiy as the "culture'* \r\ the process described below. 

One liter of TY broth (8 g tiypton , 5 g NaCI. and 5 g yeast extract p r liter) containing 100 ug/mL 
ampicillin was inoculated with a cultur of E. coli K12 RR1AM15/pOVy390 and incubated with aeration at 
37*C overnight (15-18 hours). The resulting culture was used as a source of plasmid pOW390, 



^' Eolation of Plasmid pOW390 
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The culture prepared in Example 1A was centrlfuged at 5200 rpm for 10 minutes at 4* C to pellet the 
cells. The resulting supernatant was discarded. The cell pellet was resuspended In 28 mL of a solution of 
25% sucrose and 50 mM EDTA. About 1 mL of a solution of 20 mg/mL lysozyme in 50% glycerol and 0.25 
M Tris-HCI, pH = 8.0. and about 1.5 mL of 0.5 M EDTA, pH = 8.0, were added to and mixed with the cell 
6 suspension. The resulting mixture was incubated on ice for 15 minutes. Three mL of lysing solution 
(prepared by mixing 3 mL of 10% Triton X-100; 75 mL of 0.25 M EDTA; pH = 8.0; and 7 mL of water) were 
added to the lysozyme-treated cells with gentle mixing. The resulting solution was incubated on ice for 
another 15 minutes. 

The cellular debris was removed from the solution by centrifugation at 17,000 rpm for about 45 minutes 

70 at 4* C. About 28.6 g of CsCI and -t mL of a 5 mg/mL ethidium bromide solution were added to the -30 
mL of supernatant. Then, the volume was adjusted to 40 mL with water and the solution decanted into an 
ultracentrihjge tube. The tube was sealed, and the solution was centrlfuged at 49.500 rpm for -18 hours. 
The resulting plasmid band, visualized with ultraviolet light, was isolated, extracted with CsCI-saturated 
isopropanol to remove the ethidium bromide, and dialysed against three changes of -20 volumes of TE 

75 buffer (10 mM Tris-HCI, pH = 7.5^ and 1 mM EDTA). The dialysate was collected; then, two volumes of 
ethanol and 0.05 volumes of 3 M sodium acetate solution were added. The ethanol mixture was cooled to 
-20 *C, and the plasmid DNA was pelleted by centrifugation at 10.000 rpm for 30 minutes at -10*C. The 
resulting pellet was resuspended in -1 mL of TE buffer and then extracted with an equal volume of a 
phenolrchloroform mixture (1:1. v/v). The DNA in the aqueous phase was recovered by the addition of 0.1 

20 volume of 3 M NaOAc and 2 volumes of ethanol. followed by incubation at -20*C for -30 minutes and 
centrifugation at 15.000 rpm for 20 minutes. The resulting DfMA pellet was rinsed first with 70% ethanol and 
then with 100% ethanol and dried. 

The -1.5 mg of plasmid pOW390 DNA obtained by this procedure was suspended in 1.5 mL of 0.1 X 
TE buffer and stored at -20 'C. A restriction site and function map of plasmid pOW390 is presented In 

25 Rgure 1 of the accompanying drawings. 



Example 2 

30 

Construction of Plasmid pOW392 



35 

A. Construction of Plasmid mOW390 

Identical plasmid constructs can be achieved employing different methods and sources of gene 
sequences. Plasmid mOW390 was constructed by ligating the -0.9 kb Styl-BamH I restriction fragment of 

40 plasmid pOW390. prepared as noted in B.. below, with Hincll-BamHl-digested. replicative form (RF) Ml 3 
vector, prepared as noted in C. below. The -0.9 kb Styl-BamHI fragment contains a large portion of the 
racemase gene, including the S end, but not the 3 end. The Sty! end was "filled In" so as to make it blunt- 
ended, rendering the end amenable to ligation with the blunt-ended Hind i end. The plasmid pOW390 clone 
originated from cosmid pOW379. derived from a Streptomyces clavuligerus genomic cosmid library. 

45 Cosmid pOW379 was identified by hybridization using a "guessmer" DNA probe designed on the basis of 
the amino-termlna! amino acid residue sequence of purified S. clavuligerus racemase and species codon- 
usage bias. The desired phage Ml 3 clone can be identified using the "guessmer" prob0 in a plaque 
hybridization procedure or by restriction enzyme analysis. Because of the present invention, however, the 
construction of mOW390 is greatly simplified, primarily because plasmid pOW390 can be used as tiie 

50 source of the S. clavuligerus racemase gene. The M13-derived plasmid mOW390 was a useful intermediate 
in the site-specific mutagenesis carried out to create an Ncol restriction enzyme recognition site at tiie 5 
end of the S. clavuligerus racemase coding sequence. 

55 B. isolation of ttie -0.9 kb BamHI-Styl Restriction Fragment from Plasmid pOW390 

Approximately 25 ug of tiie plasmid pOW390 DNA in 25 ul 0.1 X TE buffer, as prepared in Example IB. 
were added to and mixed witii 40 ill of 10X Styl buffer (1.0 M NaCI; 500 mM Tris-HCI, pH = 8.0; and 100 
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mM MgCb), 335 ul of glass-distill d wat r, and 5 ul (-50 units) of restriction enzyme StyL Unless otherwise 
noted, r strlction enzym s were obtained from N w England Biolabs. 32 Tozer Road. Beverly.. MA 01915. 
Unit definitions herein correspond to the particular manufacturer's unit definitions. The resulting reaction was 
incubated at 37* C for 90 minutes. The Styl ends were then made blunt ("filled-in") by the method of 

6 Maniatis et al.. Molecular Cloning : A Laboratory Manual , Cold Spring Harbor Laboratory, 1982, pp. 113-114. 
The reacSofTwas then extracted with phenol and chloroform, and the Styl-digested plasmid pOW390 DNA 
was precipitated with 0.3 M NaOAc and ethanoi and then resuspended in 45 ul of IX Bam HI buffer (100 
mM NaCI; 10 mM Tris-HCl. pH = 7.5; 10 mM MgCIa). Rve ul (-50 units) of restriction enzyme Bam HI were 
added and the mixture incubated at 37* 0 for 90 minutes. The reaction was then extracted with phenol and 

10 chloroform, and the BamHI-Styl (blunt)-digested plasmid pOW390 was precipitated with 0.3 M NaOAc and 
ethanoi and then resuspended in 9 ul of H2O. About 1 ul of loading buffer (25% v/v glycerol. 0.05% w/v 
bromphenol blue, and 0.05% xylene cyanol) was added to the solution of DNA, which was then elec- 
trophoresed on a 1% agarose gel until the desired -0.9 kb Bam HI-Styl restriction fragment was clearly 
separated from the other digestion products. 

75 The electrophoresed DNA was visualized by staining the gel in a dilute solution (0.5 ug/ml) of ethidium 
bromide and exposing the stained gel to long-wave UV light. After the fragments were located, a small slit 
was made In the gel In front of the -0.9 kb fragment, and a piece of Schleicher and Schuell (Keene. NH 
- 03431) DEAE membrane vfa$ placed in the slit Upon further electrophoresis, the DNA non-covalently bound 
to the DEAE membrane. After the desired fragment was bound to the DEAE membrane, the membrane was 

io removed and rinsed with low salt buffer (100 mM NaCI; 0.1 mM EDTA; and 20 mM Tris-HCI. pH = 8). Next, 
the. membrane was placed In a Small tube and immersed in high salt buffer (1 M NaCI; 0.1 mM EDTA; and 
20 mM Tris-HCI, pH ~ 8) and then incubated at 65* C for 10 minutes to remove the DNA from the DEAE 
paper. After the 65* C incubation, the incubation buffer was collected, and the membrane was rinsed with 
high salt buffer. The rinse solution was pooled with the incubation buffer before collecting the desired DNA 

26 fragments. 

The volume of the high salt-DNA solution was adjusted so that the NaCI concentration was 0.25 M, and 
then three volumes of cold, absolute ethanoi were added to the solution. The resulting solution was mixed 
and placed on ice for 10-20 minutes. The solution was then centrifuged at 15.000 rpm for 15 minutes. After 
another precipitation to remove residual salt, the DNA pellet was rinsed with 70% ethanoi. dried, resuspen- 
30 ded in 20 ul of TE buffer, and constituted the desired restriction fragment. About 0.2 ug of the -0.9 kb 
fragment was obtained. 

C. Preparation of BamHI-Hincll-Digested Vector M13mp18 RF DNA and Construction of Plasmid mOW390 

35 

About 2.5 ug of M13mp18 RF ONA (available from New England Biolabs (NEB)) were digested in 100 
ul of Bam HI buffer with 1 ul (-20 units) of restriction enzyme Bam HI for 90 minutes at 37* C. The reaction 
mixture was extracted with phenol:chloroform and the DNA. in the aqueous phase, concentrated by ethanoi 
precipitation. 

40 The BamHI-digested M13mpl8 was resuspended in 100 ul Hind i buffer (10 mM Tris-HCI, pH = 7.4. 7 
mM MgCI, and 1 mM DTT) with 1 ul (-10 units) of restriction enzyme Hind i for 90 minutes at 37* C. The 
reaction was extracted and precipitated as above and resuspended in 20 ul 0.1 X TE buffer and constituted 
-2 ug of the desired BamHI-Hincll digested vector. The other Bam HI -Hinc ll fragment was only -10 bp and 
was not precipitated. It did not interfere with the ligation. 

45 Two ul of the -0.9 kb Bam HI-Styl restriction fragment of plasmid pOW390 from B., above, and 1 ul of 
BamHI-Hincll-digested vector M13mp18 were ligated in a 20 ul reaction containing the DNA fragments. 2 ul 
oTToX iigase buffer (0.5 M Tris-HCI. pH 7.5. and 100 mM MgCb), 2 ui of 5 mM ATP, 1 ul of 6 ug/Ul BSA, 
12 ul of glass-distilled water, andl ul (1 Weiss unit) of T4 DNA Iigase (NEB). The "filled-in" Styl ends were 
ligatable with the Hindi blunt ends. The reaction was incubated -18 hours at 15' C. The ligated DNA 

so constituted the desired plasmid mOW390 along with other ligation products.. 

Competent E. coli K12 JM109 ("Epicurean CoIITM") were purchased from Stratagene (3770 Tansy 
Street San Diegb.^CA 92121) and transformed with a ligation reaction mixture constituting plasmid 
mOW390 in substantial accordanc with the manufacturer's directions, except that the DNA was in a 
volume of 20 ul and no dilution into medium or expression tim was necessary. Post-transformation, the 

55 cells were distributed in -1, 10, 20. 40 and 50 ul samples to 13 X 100 mm sterile glass tubes containing 
0.25 mL/lube E. coli K12 JMT09 in logarithmic growth phase. To these tubes were added 3 mL of top agar 
(L broth with a8%^gar kept molten at 45* C). The cell-top agar mixture was th n plated on L-agar plates 
containing 40 ug/mL 5-bromo-4-chloro-3-indolyl-i3-D-galactoside (X-gal) and 0.1 M isopropylthio-/S-galac- 
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toside (IPTQ), and the plates w r incubated at 37* C overnight. (For mor d tailed descriptions and 
explanations of Ml 3 procedures, see M13 Cloning/Dideoxy Sequencing Instruction Manual , Bethesda 
Research Laboratories (BRL), Ufe Technologies, Inc., Gaithersburg. MD 20877.) Transformants are id n- 
tified by insertional inactivation of j3-galactosidase activity (colorless plaque phenotype) and restriction 
enzyme analysis of replicative torn (RF) DNA. For screening purposes, clear plaques are plugged from the 
plate overlay with a Pasteur pipette into 3 mL per plaque of early logarithmic growth phase E. coli K12 
JM109. Cultures are incubated from 6 to 18 hours at 37' C with aeration. 

Following this incubation. 1.5 mL of each culture are pelleted in separate 1.5 mL Eppendorf tubes. The 
supematants are decanted into fresh tubes and stored at 4*C to serve as a source of phage inoculum. 
Replicative fonn DNA is prepared from the cell pellets in substantial accordance with the teaching of the 
alkaline plasmid preparation procedure of Bimboim and Doly. 1979. Nuc. Acid Res. 7(6): 1513-1523. with 
the following exceptions. The procedure is scaled up such that 1.5X volumes of Solutions I. II. and III are 
used, and the cleared lysate is extracted once with an equal volume of CHCI3. The DNA is then precipitated 
by the addition of 0.4 volumes of isopropanol and incubation at room temperature for 20 minutes. The DNA 
Is collected by centrifugation and then precipitated with ethanol out of 0.3 M NaOAc. The DNA Isolated from 
individual plaques was analyzed for the presence of an insert by EcoRI-Hindlll restriction enzyme digestion. 
The orientation of the fragment was pre-detennined by the compatible ends (BamHI-BamHI. "filled-in" Sty l- 
Hincll). By this method, E. coli K12 Jlvri09/mOW390 cells were identified; these cells were then used as a 
source of plasmid mOW3iJfor the site-specific mutagenesis, as described below. 



D. Preparation of Single-Stranded Plasmid mOW390 DNA and Site-Specific Mutagenesis, to Construct 
Plasmid mOmgT 

A 10 mL culture of early logarithmic growth phase E. coli K12 JM109 was inoculated with -200 ul of 
phage stock (prepared in Example 2C) and incubated -18 hours at 37'C with aeration. The culture was 
centrifuged and the resulting supernatant transferred to a new tube and recentrifuged. The supernatant was 
again decanted to a fresh tube. One mL of a solution of 25% polyethylene glycol (molecular weight a 3.350) 
in 3 M MaCl was added to the supematant. which was then incubated for 15 minutes at room temperature. 
The resuHing mixture was centrifuged for 30 minutes at 10.000 rpm. The pellet obtained by the centrifuga- 
tion contained the single-stranded plasmid mGW390 and was resuspended in 400 ul of TE buffer. The 
solution was extracted first with CHCI3 and then with TE-saturated phenol. The phenol was allowed to stay 
in contact with the aqueous phase for 15 minutes. The solution was then extracted twice with a mixture of 
TE-saturated phenoliCHCb (1:1. v/v). and twice with CHCI3 alone. The DNA was then precipitated out of 0.3 
M NaOAc, collected by centrifugation, and the resulting pellet resuspended in 100 ul of O.tX TE buffer. 
This solution constituted -5 ug of single-stranded plasmid mOW390 DNA. 



E. Mutagenesis 

The single-stranded DNA fragments used in the mutagenesis (and subsequent hybridizations to detect 
desired phages) were synthesized on an automated DNA synthesizer, with the exception of the Ml 3 
universal primer (a 15-mer). which was purchased from BRL The mutagenesis fragments were designated 
as follows: (1) RACEATQ, a single-stranded DNA 40 nucleotides in length that is homologous to the 
racemase coding sequence in plasmid mOW390 except for 1 base, the mismateh (underiined) of which will 
create a restriction enzyme Ncol recognition sequence at about position 1 of the racemase coding 
sequence, with the DNA sequence: 

Nco l 

5 ' -gcgggagat(k:gtttgccatggcggtagccgactgggaag-3 • 

(2) RACE-17, a single-stranded DNA 17 nucleotides in length that is merely a subfragment of flACEATG 
with the DNA sequ nc : 

Ncol 

5 • -TGCGTTTGCCATGGCGG-3 ' 
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The 5' nds of about 100 pmols of RACEATQ were phosphoryJated (kinased) in a reaction mixture 
containing single-stranded DNA at a concentration of 1 pmol/ul, 10 ul of 10X llgase buffer. 10 ul 0.1 mM 
adenosine triphosphate (ATP), 10 ul of 0.1 M DTT, 65 ul of glass-distilled water, and 1 til (10 Richardson 
units) of T4 polynucleotide kinase (Boehringer-Mannheim Biochemicals. (BMB) 7941 Castleway Drive. P.O. 
5 Box 50816. Indianapolis, Indiana 46250). The reaction mixture was incubated at 37* C for 30 minutes, at 
which time an additional 1 ul of enzyme was added. The reaction mixture was then incubated for another 
30 minutes at 37* C and then quenched by incubation at 68* C for 5 minutes. The 5 ends of about 40 
pmols of Ml 3 universal primer were kinased in an analogous 40 ul of reaction mixture containing the same 
amount of enzyme. 

10 The single-stranded plasmid mOW390 DNA was mutagenized in substantial accordance with the 
teaching of Adelman et al.. 1983. DNA 2(3): 183-193 as described below. The annealing reaction was 
carried out by adding "^500 nanograms (in 15 ul of 0.1X TE buffer) of single-stranded plasmid mOW390 
DNA to 8 Ul of 10X annealing buffer (100 mM Tris-HCI, pH = 7.5; 1 mM EDTA; and 500 mM NaQ). 4 ul (4 
pmols) of kinased RACEATQ. 4 ul (4 pmols) of kinased Ml 3 universal sequencing primer, and 50 ul of 

15 water, incubating the mixture at 80* C for 2 minutes, then at 55 *C for 5 minutes, and finally at room 
temperature for 5 minutes. 

The extension reaction was carried out by adding 120 ul of the following mixture to the solution of 
annealed DNA: 20 ul lOX Klenow-ligase buffer (100 mM Tris-HCI. pH = 7.5; 1 mM EDTA; and 500 mM 
NaCl). 20 ul of 0.1 M DTT; 20 ul of a solution 6.25 mM in each of dGTP, dATP, TTP, and dCTP; 20 ul of 5 

20 mM ATP; 120 ul of water; 3 ul (3 Weiss units. BMB) ligase. and 2.5 ul (12.5 units) of Klenow enzyme 
(BMB). The extension reaction mixture was incubated at room temperature for 1 hour, then at 37* C for 4 
hours, and finally at 14* C for --18 hours. 

The extension reaction mixture was extracted once with CHCI3 and the DNA precipitated with ethanol 
and NaOAc and collected by centrifugation. The DNA pellet was resuspended in 400 ul IX SI buffer (0.3 M 

25 NaCI and 3 mM Zn(0Ac)2). Half the DNA solution was held In reserve at -20* C; half was aliquoted to five 
1.5 mL tubes. To four of these tubes was added 1 ul of SI nuclease (BMB) that had been diluted to 200 
30-minute units per ul. The reactions were incubated at room temperature for 5, 10, 15, and 20 minutes, 
respectively. The reactions were stopped by first adding 5-10 ug of tRNA to the reaction mixture to serve 
as carrier, then extracting with a TE-saturated phenol-CHCla mixture (1:1. v/v). The sample that was not 

30 treated with SI (the negative control) was also extracted. The DNA in the aqueous phase was concentrated 
by ethanol precipitation and collected by centrifugation. The DNA pellets were each resuspended in 20 ul 
water. * 

Ten ul of each of the resulting Si-treated DNA solutions were used to transform E. col[ K12 JM109 in 
substantial accordance with the procedure described in Example 2B. except that the plates did not contain 

35 either X-Gaf or IPTG. Desired mutants were identified by hybridization of radiolabelled oligonucleotide 
RACE-17 to plasmid DNA blotted onto nitrocellulose filters as descrit>ed below. 

After plaque fonmation, the plates were incubated at 4'C for -1 hour to harden the top agar. 
Nitrocellulose filters were placed on top of the lawn of each of two plates, containing -^50-200 plaques, from 
each of the negative control, the 10 minute SI -treated series, and the 20 minute SI -treated series. Contact 

40 between the filter and the surface of the lawn was maintained for -1 minute, at which time the nitrocellulose 
filter was treated, by using saturated 3MMChr filter papers (Whatman Labsales, Inc., P.O. Box 1359, 
Hillsboro, Oregon 97123-1359). witti 0.1 N NaOH-1.5 M NaCI for -5 minutes, then 0,5 M Tris-HCI(pH = 
7.0)-3 M NaCI for -5 minutes. The nitrocellulose filters were air-dried and then baked in vacuo at 80* C for 
30 minutes. 

45 The nitrocellulose filters were prehybridized for -5 minutes at room temperature in a solution of 6X SSC 
(20X SSC is 3 M NaCI and 0.3 M sodium citrate). 10X Denhardt*s solution (0.2 g of polyvinylpyrollidone). 
0.2 g of bovine serum albumin, and 0.2 g of Ficoll per 100 mL of water), 0.1% NaPPi, 0.1% SDS, and 10 
ug/mL of denatured E. coli chromosomal DNA. The filters were ttien hybridized in a solution of 6X SSC, 
10X Denhardfs solution. 0.1% NaPPi. and 1 pmoiy5 mL of ^P-RACE-17. The 32p-RACE-17 was prepared 

so by phosphorylating tiie 5 ends of 100 pmols of RACE-17 in substantial accordance witii the procedure 
described eariier in this example, except that -70 pmol of y^P-ATP (New England Nuclear (NEN), 549 
Albany Street Boston. MA, 02118, Catalog # NEG-002A) were used instead of non-radioactive ATP. After 
hybridization, tiie filters were rinsed twice for 5 minutes per wash in excess. 6X SSC at room temperature, 
then at 52'C In exc ss 6X SSC for 20 minutes per wash. Th filters w re air-dried and autoradiograph d 

55 for 2 hours at -70 *C with a Quanta III® intensifying screen (DuPont. Instrument Products, Biomedical 
Division, Newtown, CN 06470). Desired mutants, tiios containing sequences complementary to the 
sequ nee of RACE-17, xposed the film du to binding of th radiolabelled oligomer by tiie plasmid DNA 
bound to tiie filter. The identity of a correct mutant, designated plasmid mOW391. was confirmed by 
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restriction analysis of its RF DNA. which was prepar d in substantial accordanc with the procedur 
described in Example 20. 

F> Rnal Construction of Plasnnid pOW392 

The RF DNA of plasmid mOW391 contains the racemase coding sequence on the Ncol-BamHI 
restriction fragment utilized in the construction of the E coli expression plasmid pOW392. 

Replicative form DNA from plasmid mOW391 -infected E. coli K12 JM109 was isolated in substantial 
accordance with the procedure described in Example 2C. About 10 ug of the RF DNA of plasmid mOW391 
DNA were digested with restriction enzyme BamHI (-10 units) and Ncol (-10 units) in a reaction containing 
the DNA in IX React®3 buffer (500 mM Tris-HCI. pH = 8,0. 100 mM MgCl2. 1 M NaCI; Bethesda Research 
Laboratories, P.O. Box 6000. Gaithersburg. MD 20877). After incubation for -90 minutes at 37 *C. the 
reaction mixture was subjected to agarose gel electrophoresis, and the -0.9 kb BamHI-Ncol fragment was 
isolated in substantial accordance with Example 28. 

Plasmid pCZRIII is available in E. coli K12 JM109 from the NRRL under accession number 8-18249 
(date of deposit: August 11» 1987). It can be isolated in substantial accordance with Example t except that 
15 ng/ml tetracycline is included in the culture medium rather than 100 ug/ml amplcillin. A restriction site 
and function map of pCZRI1 1 is presented in Rgure 2. 

The vector was generated by digesting plasmid pCZRIII with Xbal and BamHI. About 1 ul of >^l 
(-10 units) is added to 10 ul plasmid pCZRIII (-10 ug) and 5 ul 10X Xbal buffer (500 mM Tris-HCI. 
pH = 8.0. 100 mM MgCb, and 500 mM NaCI). After incubation at 37'C for 90 minutes. 0.5 ul of 5 M NaCI 
and 1 ul BamHI (-10 units) is added and the incubation continued at 37* C for an additional 90 minutes. 
The reactiorTmixture is then subjected to agarose gel electrophoresis, and the -5.75 kb Xbal- Bam HI vector 
fragment is isolated in substantial accordance with Example 2B. 

An intermediate plasmid can be created by ligating the -0.9 kb Bam HI-Ncol fragment from mOW391. 
the -5.75 kb Xbal- BamH I vector fragment from pCZRIII and a double-stranded Xbal-Ncol restriction 
fragment synthesizedlby the phosphotriester method to yieJd the -6.7 kb intermediate plasmid. The double 
stranded DNA fragment has the following sequence: 

5 • -CTAGAGGGTATTAATAATGTATATTGATTTTAATAAGGAGGAATAATCC-3 * 

lillMlllillllillllllMllillllllNIIIIIIIIIII 
V -TCCCATAATTATTACATATAACTAAAATTATTCCTCCTTATTAGGGTAC-5 ' 

The ligation mixture is transformed into E. coll K12 JM109 in substantial accordance with Example 2C, 
and plasmid DNA isolated from Iransfonmants is analyzed by restriction enzyme digestion to confirm the 
presence of the correct inserts. 

To complete the expression vector, an -2 kb Bam HI fragment was isolated from^ plasmid pOW390 in 
substantial accordance with Example 28. This -2 kb Bam HI fragment comprises the 3' coding region of the 
racemase gene. The completed vector, therefore, contains the entire coding region of the racemase gene. 

The -2 kb Bam HI fragment (2.5 ul. -0.5 ug) was ligated to the intermediate vector plasmid digested 
with BamHI in substential accordance with the procedure described in Example 2C to fomn desired plasmid 
pOW392r A restriction site and function map is provided in Rgure 3 of the drawings. 

The ligation reaction constituting the desired plasmid pOW392 was transformed into competent E. coH 
K12 RR1AM15 (NRRL B-15440, date of deposit: May 27. 1983). Aliquots of the transformation mjxture were 
plated on L-agar plates containing tetracycline (15 ug/mL). The plates were incubated at 37* C for -18 
hours. Tetracycline-resistant transformants were further screened by restriction enzyme analysis of tiieir 
plasmid DNA to identify tiie desired plasmid pOW392 transformants. Plasmid DNA was prepared from 3 mL 
cultures in substantial accordance with the Bimboim and Doly procedure described above for preparing RF 
DNA from phage Ml3-infected E. ^ K12 JM109 celt pellets. Plasmid pOW392 DNA from one transformant 
was prepared in substantia! accordance with the procedure described in Example 1 for use in subsequent 
constructions. The plasmid was tiien transformed into E. coli K12 JM109 purchased from Strategene. 



Example 3 
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Assay of E. coli-produced Racemase Activity 



6 A. Culture of E coli K12 JM109/pOW392 for Expression of Racemase Activity 

An E. coli K12 JMt09/pOW392 transformant was grown at 30 'C overnight in 500 ml of L brotti 
(containing l5"ug/ml of tetracycline) in a gyratory incubator. The cells were diluted 1:10 by adding 100 ml 
of the overnight culture to 900 ml of fresh medium containing 15 ug/ml tetracycline in a 2.8 L Fembach 
TO flask and incubated a further hour at 30'C under the same growth conditions. The temperature of the air 
shaker was then raised to .42*C and incubation continued for an additional 6.5 hours. The cl857 
temperature-sensitive repressor of the lambda pL promoter, positioned to drive racemase expression on 
plasmid pOW392. is inactivated at 42* C and so allows for expression of racemase. After induction, the cells 
were harvested by centrifugation and used as a prefen-ed source of E. coli-produced racemase activity. 



B. Demonstration of Isopenicillin N Epimerase (Racemase) Activity in tiie E. coll K12 JM109/pOW392 Cells 
Grown at 42 C 

20 f^ve grams of the induced, pelleted E. coll were mixed with 10 ml of Breaking Buffer (10 mM sodium 
pyrophosphate-HCI, pH=8.0 in 5 M urea. 20% glycerol, and 0.1 mM dithiothreltol (DTT)). If the amount of 
cells after centrifugation was less than 5 gm. the ratio of cells to buffer was maintained. 

The cell suspension was then cooled to 2* C in an ice-ethanol bath and was sonicated at full power for 
20 seconds. The cooling and sonicating was repeated three times. 

25 Cell debris was removed by centrifugation at 47,000 x g for 20 minutes at 4* C. The supernatant was 
then filtered through glass woof with the filtrate t»eing the crude enzyme. 

The enzyme catalyzes the conversion of isopenicillin N to penicillin N and vlce^versa, creating an 
equilibrium state between the two molecules. Therefore, the activity was measured in two ways, once using 
isopenicillin N as the initial substrate, and once using penicillin N as the starting material. Total protein was 

30 measured by the method of Ijowry et al.. J. Biol. Chem. 193, 265 (1951). Celt extract was mixed with 1.4 
mM isopenicillin N or penicillin N. 0.2 mM dithiothreitol, 0.1 mM pyridoxal 5'-phosphate (as measured by 
the hydrazine method (Wada. H. and Snell, E.. J. Biol. Chem. 236, 2089 (1961)), 50 mM pyrophosphate- 
HCI, pH = 8.3 in a final volume of 0.5 ml. The reaction mixture was then incubated at 37* C for 20 minutes. 
The reaction was terminated by boiling for 10 minutes. It was then put through a 0.45 um filter. 

35 Penicillin N and isopenicillin N are difficult to separate by HPLC. The compounds must be derivatized 
with o-phthaldialdehyde according to the method of Aswad, D.W.. Anal. Biochem. 137, 405 (1984) and 
Usher, J., Lewis. M.. and Hughes. O.W., Anal. Biochem. 149, 105 (1985). Twenty ul of the filtrate were 
mixed with 5 ul of the derivatizing solution (4 mg o-phthaldialdehyde (Sigma Chemical Co„ P.O. Box 14508. 
Si Louis, MO 63178) dissolved In 300 Ul methanol. 250 ul 0.4 M sodium borate. pH-9.4. 390 ul H2O and 

40 60 ul1 M N-acetyl-L-cysteine, adjusted to pH 5-6 with NaOH). The reaction was allowed to proceed for 2 
minutes at room temperature before tenmination with 200 ul 50 mM sodium acetate, pH=5.0. Rfty ul 
aliquots were analyzed by HPLC using a flow rate of 1 ml/min and measurement of fluorescence at 360 nm. 
When isopenicillin N was Included In the mixtures the cell extracts expressing the racemase activity 
converted a portion of isopenicillin N to penicillin N. Likewise, penicillin N was converted to Isopenicillin N in 

45 the presence of these cell extracts. No conversion was seen when the cell extract was not added to the mix. 
In addition, antibody to the purified racemase enzyme reacted with an -50,000 dalton band on a Western 
blot Taken together, these results indicate that the gene cloned results In a protein which has racemase 
activity and is the same size as the purified racemase enzyme. 

50 

Example 4 



55 Construction of Plasmid pPSJ78 



This example sets forth a construction protocol for plasmid pPSJ78. a racemase expression vector of 
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the inventron that contains th promoter of th Penicillium IPNS g ne positioned to drive expression of the 
racemase coding sequence of the invention. The promot r of th Penicillium IPNS gene can be isolated 
from plasmid pLC2, available from the American Type Culture Collection (Rockville. MD 20852) under 
accession number ATCC 53334 (date of deposit: November 20. 1985). A restriction site and function map of 
5 plasmid PLC2 is presented in Figure 8 of the accompanying drawings. 



A. Construction of Intermediate Plasmid pPSJ77 

10 Plasmid pOW392 (as constructed In Example 2) is Isolated in substantial accordance with Example 1 
except that the growth medium contains 15 ug/ml tetracycline instead of 100 ug/ml amplcillln. Approxi- 
mately 25 ug of the plasmid pOW392 DNA in 25 ul 0.1 X TE buffer is added to and mixed with 10 ul of 10 
X REactTM3 buffer (BRL). 60 ul of H2O and 5 ul (-50 units) of restriction enzyme EcoRl. The resulting 
reaction is incubated at 37* C for 90 minutes. About 10 ul (*-100 units) of restriction enzyme Nco l is then 

75 added to the mixture and the reaction is further incubated at 37* C for 3 minutes. The reaction is then 
extracted once with phenol, once with phenol-chlorofonm (1:1 phenol:chloroform: chloroform is actually 23:1 
chloroform:isoamyl alcohol), and once with chloroform. The EcoRI-digested Ncol-partially digested plasmid 
pOW392 is precipitated with 1/1 0th volume 2.5 M NaOAc (pH=5.2) and 2 volumes ©thanol. The mixture is 
chilled to -20 *C for 20 minutes, then pelleted in an Eppendorf Centrifuge for 10 minutes. The DNA is 

20 resuspended in 18 ul of H2O. About 2 ul of loading buffer (25% v/v glycerol. 0.05% w/v bromphenol blue, 
and 0.05% xylene cyanol) is added to the solution of DNA. which is then eiectrophoresed on a 1% agarose 
gel until the desired -7.9 kb EcoRI-Ncol restriction fragment is clearly separated from the other digestion 
products. 

The -7.9 kb band is visualized and isolated from the gel in substantial accordance with Example 2B. 

25 Plasmid pLC2. available from tiie ATCC under accession number 53334 (date of deposit Novemt»er 20, 
1985). is isolated in substantial accordance witii Example 1. The plasmid is also digested with Eco RI and 
Ncol. An -925 bp EcoRI-Ncol restriction fragment is isolated from among the resulting digestion products. 
The -925 bp EcoRI-Ncol fragment comprises the IPNS promoter from PeniciUlum . When tills fragment is 
ligated to tfie kblcoRI-Ncol fragment from plasmid pOW392 In substantial accordance with Example 

30 2C. the resulting plasmidpPSJ77 comprises the Penicillium IPNS promoter positioned to drive expression 
of tiie racemase gene. 

B. Construction of Intenmediate Plasmid pPS51 

About 15 ug of plasmid pMLC12 DNA (NRRL B-18097 (date of deposit August 8, 1986) and Figure 9) 
were drssolved in 5 ul of 10X EcoRI buffer and 40 ul of water. The plasmid can be isolated in accordance 
with Example 1 except ttiat the growtii medium contains 25 ug/ml chloramphenicol instead of 100 ug/ml 
ampicillin. About 5 ul (*50 units) of restriction enzyme EcoRI were added to tfie solution of DNA. and the 

40 resulting reaction was incubated at 37" C for 3 minutes to produce a partial digestion. The reaction was 
terminated by extraction witii buffered phenol, which was followed by extraction with chlorofonm. Plasmid 
pMLC12 contains two Eco RI restriction sites, the E. coll lacZa fragment and a chloramphenicol resistance 
gene (CAT). The desired partial cleavage of the EcoRI site was to occur wittiin the lacZa fragment and not 
within the CAT gene. This EcoRI digestion produced a mixture of plasmid pMLC12 DNA molecules: uncut; 

45 cut at the undesired location; cut at ttie desired location; and cut at botii locations, producing fragments 
smaller than the full-length -2.7 kb molecules. The EcoRl-digested plasmid pMLCl2 DNA was precipitated, 
collected by centrifugation. dissolved in 50 ul of TE buffer, and loaded onto a 0.8% preparative agarose gel. 
The full length linear molecules (i.e., -2.7 kb) were isolated. 

The partially EcoRI-digested plasmid pMLC12 DNA was dissolved in 5 ul of 10X Sail buffer and 40 ul 

50 of water. About 5 ul (-50 units) of restriction enzyme Sail were added to the EcoRI-linearized plasmid 
pMLC12 DNA, and the resulting reaction was incubated at 37*C for two hours. The unique Sail restriction 
site in plasmid pMLC12 is located 24 base paurs from the EcoRI site within the lacZa fragment of plasmid 
pMLC12. Thus, complete Sail digestion of tii partially EcoRI-digested plasmid pMLC12 DNA produced four 
DNA fragments: one -2.7"kb, the desired molecule; one -24 bp in length; one -0.6 kb; and one -1.9 kb. 

55 The DNA molecules were size-fractionated on a 0.8% agaros gel. Th n arly full-lengtii, -2.7 kb lin ar 
molecules were isolated. 

The acetamidase gene of Aspergillus nidulans can be Isolated on an -5.0 kb EcoRI-Sall restriction 
fragment of plasmid P3SR2 (Rgure 10 and NRRL B-18182. date of deposit February 26, 1987). About 10 
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ug of plasmid p3SR2 were dissolved in 5 nl of 10X EcoRl buff r and 40 ul of water. About 5 ul (-50 units) 
of restriction enzyme Eco RI were added to the solution of DNA, and the r suiting reaction was incubated at 
37* C for two hours. The reaction was terminated by extraction witii buffered phenol, which was followed by 
extraction with chloroform. The EcoRI-digested p3SR2 plasmid DNA was precipitated, collected by 

5 centrifugation. and resuspended in 5 ul of 10X Sail buffer and 40 ul of water. About 5 ul (-50 units) of 
restriction enzyme Sail were added to the solution of DNA. and the resulting reaction was incubated at 
37* C for two hoursTthe two DNA fragments generated in these digestions were size-fractionated on a 
0.8% preparative agarose gel. One -4.3 kb fragment comprised pBR322 DNA and the other -5.0 kb 
fragment comprised the acetamidase ( amdS ) gene from Aspergillus nidulans . The amd S gene functions as 

10 a selectable marker in Penicillium and other strains. The gene enables growth on acetamide-containing 
media. The -5.0 kb EcoRI-Sall fragment was isolated. About 3 ug of the -5.0 kb EcoRI-Sall fragment were 
recovered and suspended in 5 ul of water. 

One ul of the EcoRl-Sall-digested plasmid pMLC12 DNA was added to about 4 ul of the -5.0 kb 
EcoRI-Sall restriction fragment of plasmid p3SR2. togetiier with 2 ul of 10X ligase buffer, 2 ul of T4 DNA 

15 ligase; "and 11 ul of water. The resulting ligation reaction was incubated at 15* C overnight. The ligated DNA 
constituted tiie desired plasmid pPS51 and other related ligation products. 

This ligation mi)cture was used to transform E. coli K12 C600 (ATCC 33524). Aliquots of the transformed 
cell mixture were plated on L-agar plates containing 25 ug/ml of chloramphenicol. The plates were 
incubated at 37*0 overnight Ootonies that contained a plasmid witiiout an insert, such a$ E. coli K12 

20 O600/pMLO12 were distinguished from colonies that contained a plasmid with an insert, such as E. coli K12 
O600/pPS51, by restriction analysis. A colony was identified that contained a plasmid with an insert. 
Plasmid DNA from this colony was screened for the presence of the -5.0 kb Eco RI-Sall restriction fragment 
containing the Aspergillus nidulans amd S gene and had the correct structure for the desired plasmid 
pPS51. A large scale plasmid preparation of plasmid pPS51 was made in substantial accordance with the 

25 teaching in Example 1 . A restriction site and function map of plasmid pPS51 is presented in Rgure 8 of the 
accompanying drawings. 

C, Hnal Construction of Plasmid pPSJ78 

30 

The amd S gene is then isolated on an -5.65 kb Eco RI fragment from pPS51 and inserted into pPSJ77 
(from Example 4) to provide a detectable marker for use in Pentoillium . and other organisms. A transformant 
containing plasmid pPS51 is isolated in substantial accordance witii Example 1 except that 25 ug/ml 
chloramphenicol Is included in tiie growth medium ratiier than 100 ug/ml ampidllin. About 25 ug of plasmid 

35 pPS51 Is digested with -50 units of restriction enzyme EcoRI and tfie resulting -5.65 kb Eco RI fragment is 
Isolated in substantial accordance with Example 2B. 

A single transformant containing plasmid pPSJ77 (as constructed in Example 4A) is grown up and 
plasmid is isolated in substantial accordance witii Example 1 except tiiat 15 ug/ml tetracycline is included 
in the growth medium rather tiian 100 ug/ml ampicillin. About 25 ug of pla$mid pPSJ77 (-25 ul) is mixed 

40 witfi 10 ul of 10 X REactTW3 buffer jBRL)) 60 Ul of H2O. and 5 ul of restriction enzyme EcoRI (-50 units). 
-The reaction is incubated at 37*0 for 90 minutes, then sequentially extracted witti phenol, phe- 
nohchlorofonn, and chloroform. 

The -5.65 kb Eco RI fragment from plasmid pPS51 comprising tiie Aspergillus nidulans amdS gene is 
mixed with Eco RI digested pPSJ77 and ligated and transformed into JM109 in substantial accordance witii 

45 Example 4A. The transformants are selected on plates containing 15 ug/ml tetracycline. The resulting 
plasmid is entitied pPSJ78. A restriction site and function map of pPSJ78 is presented in Figure 5 of ttie 
accompanying drawings. The opposite orientation of tiie -5.65 kb Eco RI fragment comprising the amdS 
gene wouid work equally as well and is within the scope of tiie fnvention. The orientation of the fragment 
can be determined by restriction analysis with Sail (see Rgure 5). The plasmid comprising the amd S gene- 

50 containing fragment in the opposite orientation is entitled pPSJ78A A protocol for transfomning Penicillium 
with vectors of the invention is set forth in Example 5. 



Example 5 

55 



Genetic Transformation of Penicillium 
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A. PenicHlium chrysogenum Strains 
5 "~ 

A Penfcillium strain for transformation is obtained from the American Type Culture Collection. Rcckville, 
MD 20852, under the accession number ATCC 9480. Other Penlcillium chrysogenum strains or any 
commercial strains deriyed from ATCC 9480 by mutation, selection, or genetic breeding for the purpose of 
improved production of penicillin G or penicillin V are also suitable for use in preparing transformants with 
10 the vectors and plasmids of the present invention. 



B. Preparation of Uniform Inoculum for Cell Culture 

fs To transform Peniciliium chrysogenum cells efficiently, it is necessary to remove the cell walls to form 
stable protoplasts. In the preparation of such protoplasts it is advantageous to begin with a uniform 
inoculum. Otherwise, preparation of cells in culture Is not reproducible and time is lost by attempts to 
prepare P. chrysogenum protoplasts from unsuitable or inadequate amounts of cells. 

An ampoule of vegetative cells (-10^ colony forming units in 1.0 ml of preservation menstruum: 5% 

20 lactose, 10% glycerol, and 0.1% Tween 80). either lyophllized or taken from liquid nitrogen storage and 
thawed at room temperature, are diluted in 1.0 ml of sterile saline. About 0.1 ml of this suspension is used 
to inoculate each of approximately 20 slants of sporulation medium: Lactose, 15.0 g/L; com steep liquor. 2.5 
g/L; peptone. 5.0 g/t; NaCI, 4.0 g/L; MgSO**7H20. 0.5 g/L; KH2PQ4., 0.6 g/L: FeCb'OHaO, 0.005 gn^ 
CuS04*5H20. 0.002 g/L; adjust to pH-7.0; agar. 30.0 g/L; and autoclave 20 minutes at 120 psi. 

25 Each slant [15 cm x 2.5 cm] contains 25 ml of solidified medium. Inoculum, spread evenly over the 
surface of the agar slant, is allowed to grow at 25*C until a confluent lawn of mycelium is present and 
sporulated (1 week for most strains). The growth from 1 slant is suspended in 10 ml of sterile aqueous 
culture medium, and the suspension is transferred to 106 ml of aqueous culture medium. The flask 
containing the suspended cells is placed on a gyratory shaker and incubated at 25' C for 18 hours at 285 

30 rpm with a 1 inch throw. 

Aqueous culture medium was prepared as follows: 100 ml of solution A (Sucrose. 36 g/L; L-asparagine. 
7.5 g/U KH2PO4. 15 g/L; K2HP04. 21 g/L; NaSOi. 0.75 g/L. MgS04*7H20. 0.18 g/U CaCb. 0,06 g/L; salts 
solution. 1 ml/L; and natural pH) are dispensed into a 500 ml shake flask: the flask is covered with a 
commerdaf closure and autociaved at 121* C for 20 minutes. Two ml of solution B (Glucose. 108 g/L) and 4 

35 ml of solution C (Sucrose, 25 g/L; com steep liquor (4% w/v nitrogen). 12.5 ml; ammonium acetate, 5.5 g/L; 
CaCOs. 5 g/L; pH adjusted to 6.5 with KOH; and autociaved at 121*0 for 20 minutes) are then added to 
solution A to prepare the aqueous culture medium. 

40 C. Preparation of Peniciliium protoplasts 

Cells from a 24 hour culture are harvested by suction filtration (Whatman #1 paper in. a Buchner funnel) 
and suspended in buffer (0.01 M Tris(hydroxymethyl)aminomethane hydrochloride; 0.01 M MgSOi; 0.01 M 
dithiothreitol; 1.00 M KCi; and pH=7.0 with HCI). Sufficient buffer is added to obtain a final cell 

45 concentration of 1 g of cell mass per 50 ml of buffer. The cell suspension Is placed on a gyratory water 
bath shaker in a 250 ml shake flask and incubated at 29-30' C for 10 minutes at 140 rpm with a 1 inch 
throw. Dithiothreitol-treated cells are collected by centrifugation and then resuspended in 50 ml of enzyme 
solution (10 mg/ml Novozym, Novo industri A/B Bagsvaerd. Denmark; 0.01 M Tris(hydroxymethyl)- 
aminomethane hydrochloride; 0.01 M MgS04; 0.01 M dithiothreitol; 1.00 M KCI; and pH=5.8 with HCI) in a 

50 250 mi shake flask. This cell suspension is placed on a gyratory water-bath shaker and incubated at 29- 
30*0 for15 minutes at 140 rpm with a 1 inch throw. Enzyme-treated cells are centrifuged at 1240Xg for 6 
min, and the resulting pellet is resuspended in buffer (0.01 M Tris(hydroxymethyl)aminomethane hydrochlo- 
ride: 0.01 M MgSO*: 1.00 M KCI; and pH=7.0 with HCI). The suspension is first centrifuged at 950Xg for 6 
minutes. The resulting pellet is r susp nded in th sam buff r. and th suspension is centrifuged at 700Xg 

55 for 6 minutes. The resulting pell t is resuspended in 5 ml of the same buff r. This suspension contains 
primarily large protoplasts and osmotically fragile cells that retain some cell wail structure. Compared to th 
small protoplasts removed by the above procedure, the p rcentage of protoplasts able to regenerate cell 
walls and percentage of viable osmotically stable c lis is higher for th larg protoplasts and osmotically 
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fragile cells In the final suspension. The suspension of cells is diluted with buffer to a cone ntration of -'2 x 
108 cells/ml. 



5 D. Transformation Procedure 

For each transforming plasmid, an -^.1 ml suspension of osmotically fragile Penicillium chrysogenum 
* celFs {approximately 2x10^ cells) is supplemented with 10 ul of 50 mM CaGIa, 25 ug of plasmid DNA in 5- 
15 ul of TE buffer, and 0.9 ml of a solution of freshly dissolved polyethylene glycol 4000 (Baker. 40% 
TO weight/volume in osmotically stabilized buffer). The mixture is vortexed, allowed to stand for 10 minutes at 
room temperature, centrifuged at 700Xg for 2 minutes, and vortexed again. Two aliquots of 0>5 ml each are 
then spread on the surface of osmotically stabilized acetamide medium (1.7 g/L Yeast Nitrogen Base 
without amino acids and ammonium siilfater 125 g/L sucrose. 0.738 g/L acetamide; 1.27 g/L CaCb; and 22 
g/L Noble agar). To measure the total number of viable cells present in trar)sformation mixtures, aliquots 
75 from the transformation mixture are plated on medium in which the acetamide is replaced with an equimolar 
amount of ammonium sulfate. Seven to ten days after transfonmation. transformant colonies of sufficient size 
to subculture are present on the acetamide medium. 

Abortive transformants are easily distinguished from stable transformants, because abortive transfor- 
mantsfaif to grow upon subculture to fresh acetamide medium. Cells transformed with a plasmid containing 
20 the acetamidase gene form visible colonies in four to five days after transformation. 

E. Analysis of Penicillium Transformants 

25 Penicillium transfonnants that are transfonned with vectors of the invention containing the amd S gene 
express an acetamidase activity (the amdS gene product) not detected in extracts of the untransformed 
recipient P. chrysogenum strain (e.g.» ATCC 9480). This activity results in the ability of the transformed 
strains to ^row using the ammonia released by acetamide hydrolysis when no other nitrogen sources are 
available. The Penicillium transformants of the invention also express racemase activity. 

30 Stable transformants cany the transfomning DNA in their high molecular weight DNA Probes, e.g., the 
racemase coding sequence or fragments of Aspergillus DNA that contain the acetamidase gene, hybridize 
' to the high molecular weight DNA from these transformants even after multiple passage on non-selectiVe 
medium (ammonia as nitrogen source). The transforming phenotype (production of racemase and, if an 
amd S vector was used, ability to grow on acetamide as sole nitrogen source) is also maintained by the 

35 transformants after passage on non-selective medium. 



Claims 

40 1. A constructed DNA compound that comprises a DNA sequence encoding isopenicillin N epimerase 
(racemase) activity of Streptomyces clavuligerus. 

2. The constructed DNA compound of Claim 1 that encodes a protein of amino acid sequence: 



45 
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NH2-Met Ala Val Ala Asp Trp Glu Glu Ala Arg 
Gly Arg Met Leu Leu Asp Pro Thr Val Val 
Asn Leu Asn Thr Gly Ser Gly Gly Pro Leu 
Pro Arg Ser Phe Glu Arg Val Thr Gly Phe 
Arg Ala His Leu Ala Ala Glu Pro Met Asp 
Phe Leu Leu Arg Glu Val Pro Ala Leu Leu 
Trp Gin Ala Arg Glu Ser Leu Ala Arg Leu 
lie Gly Gly Asp Pro Leu Arg Leu Ala Leu 
Ala Thr Asn Val Thr Ala Ala Val Asn Leu 
Val Ala Ser Ser Leu Arg Leu Glu Ala Pro 
Gly Glu lie Leu Leu Ser Asp Asp Glu Tyr 
Thr Pro Met Arg Trp Cys Trp Glu Arg Val 
Ala Arg Arg His Gly Leu Glu Leu Arg Thr 
Phe Arg Leu Pro Glu Leu Pro Ser Asp Pro 
Ala Glu lie Thr Ala Ala Ala Val Ala Ala 
Met Gly Pro Arg Thr Arg Leu Phe Phe Phe 
Ser His Val Val Ser Thr Thr Gly Leu He 
Leu Pro Ala Ala Glu Leu Cys Glu Glu Ala 
Arg Ala Arg Gly He Thr Thr Val Val Asp 
Gly Ala His Ala Pro Gly Phe Leu Asp Leu 
Asp Leu Ser Arg He Pro Cys Asp Phe Tyr 
Ala Gly Ser Gly His Lys Trp Leu Leu Ala 
Pro Thr Gly Val Gly Phe Leu His Leu Ala 
pro Gly Arg Leu Glu Glu Leu Glu Pro Thr 
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10 



75 



20 



25 



30 



35 



Gin Val S r Trp Ala Tyr Glu Pro Pro Glu 
Ala Ala Ala Arg Arg Pro Arg Ala Tbr Ala 
Val Gly Ser Thr Pro Gly Leu Arg Arg Leu 
Glu Cys Glu Gly Thr Arg Asp He Cys Pro 
Trp Leu Ala Thr Pro Glu Ser He Asp Phe 
Gin Ala Glu Leu Gly Pro Gly Ala He Arg 
Ala Arg Arg Arg Glu Leu Thr Asp His Ala 
Arg Arg Leu Leu Ala Asp Arg Pro Gly Arg 
Thr Leu Leu Thr Pro Asp Ser Pro Glu Leu 
Ser Gly Gly Met Val Ala Tyr Arg Leu Pro 
Pro Gly Thr Asp Ala Ala Glu Leu Arg Arg 
Gly Leu Trp Glu Arg Phe Arg He Glu Ala 
Ala Val Ala Glu Gin Pro Pro Gly Pro Val 
Leu Arg He Ser Ala Asn Phe Tyr Thr Thr 
Glu Glu Glu He Asp Arg Leu Ala Asp Ala 
Leu Asp Ala Leu Tlir Gly Glu End Ser Pro 
Arg Leu Ala Asp Arg Leu Pro Arg Ala Val 
Asp His Pro Val His Gly Leu Arg Glu Asp 
Gln-COOH 

wherein Ala is an alanine residu©. Arg is an arginine residue, Asn is an asparagine residue. Asp is an 
aspartic add residue. Cys is a cysteine residue. Gin is a glutamine residue, Gtu Is a glutamic acid residue, 
Gly is a glycine residue. His is a histldine residue. He is an isofeuclne residue. Leu is a leucine residue, Lys 
is a lysine residue, ^4et is a methionine residue, Phe Is a phenylalanine residue. Pro is a proline residue. 
Ser Is a serine residue, Thr is a threonine residue. Trp Is a tryptophan residue, Tyr is a tyrosine residue, 
and Val is a valine residue. 

3. The constmcted DNA compound of Claim 1 or 2 that comprises the ONA sequence: 
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1 


ATuGCGGTAG 


CCGACTGGuA AGAAGCCCGC 


GGCCuTATGC TGCTwGACCC 




51 


CACC6TCGTC 


AACUTuAAuA uCGuCTCCGG 


GGGACCGCXu CuGCGCAGCT 




101 


TCGAGCGGGT 


CACCGGCTTC CGGGCCCATC 


TCGCGGCCGA GCCGATGGAC 


5 


151 


TTCCTGCTCC 


GCGAGGTCCC CGCACTGCTG 


TGGCAGGCGC G6GAGAGCCT 




201 


CGCCCGCCTC 


ATCGGCGGGG ACCCGCTGCG 


CCTCGCCCTG GCCACCAACG 




251 


TCACCGCCGC 


CGTCAACCTC GTCGCGTCGT 


CACTGGGCCT CGAAGCGCCC 


10 


301 


66CGAGATCC 


TGCTCAGCGA CGACGAGTAC 


ACGCCCATGC GCTGGTGCTG 




351 


GGAGCGGGTC 


GCCCGGCGGC ACGGCCTGGA 


GCTGAGGACG TTCC6GCTGC 




401 


CC6AGCTGCC 


CTCGGACCCG 6CCGAGATCA 


CCGCGGCGGC GGTCGCCGCG 


15 


451 


ATGGGACCGC 


GCACCCGGCT GTTCTTCTTC 


AGCCATGTCG TCTCCACGAC 


501 


CGGGCTGATC 


CTGCCCGCCG CCGAACTGTG 


CGAGGAGGCC CGCGCACGGG 




551 


GCATCACCAC 


CGTGGTCGAC GGCGCCCACG 


CACCC6GCTT CCTCGACCTC 




601 


GACCTCTCCC 


GGATCCCCTG CGACTTCTAC 


GCGGGCAGCG GCCACAAATG 


20 


651 


GCT6CTC6CC 


CCCACCGGGG TCG6CTTTCT 


CCACCTCGCC GCCGGCCGCG 




701 


TGGAAGAACT 


GGAGCCCACC CAGGTGAGCT 


GGGCGTACGA GCCCCCGGAG 




751 


GCAGCGGCCC 


GCCGGCCGCG CGCGACCGCT 


GTCGGCAGCA CACCCGGGCT 


25 


801 


GCGCAGACTC 


GAATGCGAGG GGACCCGGGA 


CATCTGCCCC TGGCTCGCCA 




851 


CACCGGA6TC 


6ATCGACTTC CAGGCCGAGC 


TGGGCCCCGG GGCGATCCGC 




901 


GCCCGGCGCC 


GCGAGCTGAC 6GACCACGCG 


CGCCGCCTGC TCGCCGACCG 




951 


CCCGGGCCGC 


ACGCTCCTCA CCCCCGACTC 


CCCGGAGCTG TCCGGCGGCA 




1001 


T66TGGCCTA 


CCGGCTGCCC CCG6CAACCG 


ACGCGGCCGA GCTGCGCCGG 




1051 


GGGCTCTGGG 


AGCGCTTCCG GATCGAGGCC 


GCGGTGGCCG AGCAGCCGCC 




1101 


CG6GCCGGTG 


CTCCGGATCT CGGCGAACTT 


CTACACCACC GAAGAGGAGA 


35 


1151 


TCGACCGCCT 


6GCGGACGCG CTGGACGCGC 


TGACGGGCGA GTGATCCCCC 




1201 


CGGCTCGCGG 


ACCGCCTCCC CCGCGCTGTT 


6ACCACCCGG TTCACGGATT 




1251 


ACGAGAGGAT 


CAGTGAGAGT T6 





wherein A is deoxyadenyl, G is deoxyguanyl. 0 is deoKycytidyl, and T is thymidyl. 

4. The -2.0 kb Clal-Styl restriction fragment of plasmid pOW390. 

5. A recombinant DNA vector that comprises the DNA sequence of Claim 1, 2 or 3. 

6. The recombinant DNA vector of Claim 5 that is plasmid pOW392. pPSJ77, pPSJ78. pPSJ78A, 
pOW390, mOW390. or mOW391. 

7. A recombinant host cell transformed with a recombinant DNA vector of Claim 5. 

8. The transfomned host cell of Claim 7 that is E. coll K12, Penfdllium, Cephalosporium, Aspergillus, or 
Streptomyces. 

9. The transformed host cell of Claim 8 that is E coli K12 RR1AM15/pOW390 or E. coli K12 
JM109/pOW392. 

10. The transformed host cell of Claim 8 that is Penicillium chrysogenum/pPSJ78. 

11. A recombinant DNA sequence that encodes racemase activity and that can be identified by using a 
DNA sequence of Claim 1 as a probe. 

Claims for the following Contracting Stat : ES 

1. A method for constructing a recombinant host cell capabi of xpressing isopenicillin N pimeras 
(racemase) activity, comprising: 



45 
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transforming the host cell with a recombinant DNA expression vector that comprises: 

(a) a promoter and translational-activating sequence that function in the host c 11; and 

(b) a DNA sequence that encodes isopenicillin N epimerase (racemase) activity operably linked to the 
promoter and translationai activating sequence. 

5 2. A method for expressing isopenicillin N epimerase activity in a recombinant host cell, comprising: 
culturing the host transformed in Claim 1 under conditions that allow for expression of isopenicillin N 
epimerase (racemase) activity. 

3. The method of Claim 2 in which the DNA sequence that encodes isopenicillin N epimerase activity 
encodes the amino acid residue sequence: 



NH2-Met; 


Ala 


Val Ala 


Asp Trp 


Glu 


Glu 


Ala 


Arg 


Gly 


Arg 


Met Leu 


Leu Asp 


Pro 


Thr 


Val 


Val 


Asn 


Leu 


Asn Thr 


Gly Ser 


Gly 


Gly 


Pro 


Leu 


Pro 


Arg 


Ser Phe 


Glu Arg 


Val 


Thr 


Gly 


Phe 


Arg 


Ala 


His Leu 


Ala Ala 


Glu 


Pro 


Met 


Asp 


Phe 


Leii 


Leu Arg 


Glu Val 


Pro 


Ala 


Leu 


Leu 


Trp 


Gin 


Ala Arg 


Glu Ser 


Leu 


Ala 


Arg 


Leu 


He 


Gly 


Gly Asp 


Pro Leu 


Arg 


Leu 


Ala 


Leu 


Ala 


Thr 


Asn Val 


Thr Ala 


Ala 


Val 


Asn 


Leu 


Val 


Ala 


Ser Ser 


Leu Arg 


Leu 


Glu 


Ala 


Pro 
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Gly Glu He Leu Leu Ser Asp Asp Glu Tyr 
Thr Pro Met Arg Trp Cys Trp Glu Arg Val 
Ala Arg Arg His Gly Leu Glu Leu Arg Thr 
Phe Arg Leu Pro .Glu Leu Pro Ser Asp Pro 
Ala Glu He Thr Ala Ala Ala Val Ala Ala 
Met Gly Pro Arg Thr Arg Leu Phe Phe Phe 
Ser His Val Val Ser Thr Thr Gly Leu He 
Leu Pro Ala Ala Glu Leu Cys Glu Glu Ala 
Arg Ala Arg Gly He Thr Thr Val Val Asp 
Gly Ala His Ala Pro Gly Phe Leu Asp Leu 
Asp Leu Ser Arg He Pro Cys Asp Phe Tyr 
Ala Gly Ser Gly His Lys Trp Leu Leu Ala 
Pro Thr Gly Val Gly Phe Leu His Leu Ala 
Pro Gly Arg Leu Glu Glu Leu Glu Pro Thr 
Gin Val Ser Trp Ala Tyr Glu Pro Pro Glu 
Ala Ala Ala Arg Arg Pro Arg Ala Thr Ala 
Val Gly Ser Thr Pro Gly Leu Arg Arg Leu 
Glu Cys Glu Gly Thr Arg Asp He Cys Pro 
Trp Leu Ala Thr Pro Glu Ser He Asp Phe 
Gin Ala Glu Leu Gly Pro Gly Ala He Arg 
Ala Arg Arg Arg Glu Leu Thr Asp His Ala 
Arg Arg Leu Leu Ala Asp Arg Pro Gly Arg 
Thr Leu Leu Thr Pro Asp Ser Pro Glu Leu 
Ser Gly Gly Met Val Ala Tyr Arg Leu Pro 
Pro Gly Thr Asp Ala Ala Glu Leu Arg Arg 
Gly Leu Trp Glu Arg Phe Arg He Glu Ala 
Ala Val Ala Glu Gin Pro Pro Gly Pro Val 
Leu Arg He Ser Ala Asn Phe Tyr Thr Thr 
Glu Glu Glu He Asp Arg Leu Ala Asp Ala 
Leu Asp Ala Leu Thr Gly Glu End Ser Pro 
Arg Leu Ala Asp Arg Leu Pro Arg Ala Val 
Asp His Pro Val His Gly Leu Arg Glu Asp 
Gln-COOH 

wherein Ala is an alanine residue, Arg is an arginine residue. Asn is an asparagine residue. Asp is an 
aspartic acid residue. Cys is a cysteine r sidue, Gin is a glutamine residue. Glu is a glutamic acid residue, 
Gly is a glycine residue, His is a histidin residu . lie is an isoleucine residue, Leu is a leucine residue, Lys 
is a lysine residue. Met is a methionine residue, Ph is a phenyJalanine residue. Pro is a prolin r sidu . 
Ser is a serine residue, Thr is a threonine residue, Trp is a tryptophan residue. Tyr is a tyrosine residue, 
and Val is a valine residue. 

4. The method of Claim 1, 2 or 3 in which the DMA sequence that encodes isopenidllin N epimerase 
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activity comprises the DNA sequence: 

1 ATGGCGGTAG CCGACTGGGA AGAAGCCCGC 6GCCGTAT6C TGCTCGACCC 

51 CACCGTCGTC AACCTCAACA CCGGCTCCGG GGGACCGCTG CCGCGCAGCT 

101 TCGAGCGGGT CACCGGCTTC CGCGCCCATC TCGCGGCCGA GCCGATGGAC 

151 TTCCT6CTCC GCGAGGTCCC CGCACTGCTG TGGCAG6CGC GGGAGAGCCT 

201 CGCCCGCCTC ATCGGCGGGG ACCCGCTGCG CCTCGCCCTG GCCACCAACG 

251 TCACCGCCGC CGTCAACCTC GTCGCGTCGT CACTGCGCCT CGAAGCGCCC 

301 GGCGAGATCC T6CTCAGCGA CGACGAGTAC ACGCCCATGC GCTGGTGCTG 

351 GGAGCGGGTC GCCCGGCGGC ACG6CCTGGA GCTCAGGACG TTCCGGCTGC 

401 CCGAGCTGCC CTCGGACCCG GCCGAGATCA CCGCGGCG6C GGTCGCCGCG 

451 ATGGGACCGC GCACCCGGCT GTTCTTCTTC AGCCATGTCG TCTCCACGAC 

501 CGGGCTGATC CTGCCCGCCG CC6AACTGTG CGAGGAGGCC C6CGCACGGG 

551 GCATCACCAC CGTGGTCGAC GGCGCCCACG CACCCGGCTT CCTCGACCTC 

601 GACCTCTCCC GGATCGCCTG CGACTTCTAC GCGGGCAGCG GCCACAAATG 

651 GCTGCTCGCC CCCACCGG6G TC6GCTTTCT CCACCTCGCC CCCGGCC6CC 

701 TGGAAGAAGT GGAGCCCACC CAGGTGAGCT GGGCGTACGA GCCCCCGGAG 

751 GCAGCGGCCC GCCGGCCGCG CGCCACCGCT GTCGGCAGCA CACCCGGGCT 

801 GCGCAGACTC GAATGCGAGG GGACCCGGGA CATCTGCCCC TGGCTCGCCA 

851 CACCGGAGTC CATC6ACTTC CAGGCCGAGC TGGGCCCCGG GGCGATCCGC 

901 GCCCGCCGCC GCGAGCTGAC GGACCACGCG CGCCGCCTGC TCGCCGACCG 

951 CCCGGGCCGC ACGCTCCTCA CCCCGGACTC CCCGGA6CTG TCCGGCGGCA 

1001 TGGTGGCCTA CCGGCTGCCC CCGGGAACCG AC6CGGCCGA GCtGCGCCGG 

1051 GGGCTCTGGG AGCGCTTCCG GATCGAGGCC GCGGTGGCCG AGCA6CCGCC 

1101 CGGGCCGGT6 CTCCGGATCT CGGCGAACTT CTACACCACC GAAGAGGAGA 

1151 TCGACCGCCT GGCGGACGCG CTGGAC6CGC TGACGGGCGA GTGATCCCCC 

1201 CGGCTCGCGG ACCGCCTCCC CGGCGCTGrF GACCACCC6G TTCACGGATT 

1251 ACGAGAGGAT CAGTGAGAGT TG 

wherein A is deoxyadenyl, G is debxyguanyl, C is deoxycytidyl, and T is thymidyL 

5. The method of Claim 1, 2, 3 or 4 in which the recombinant DNA expression vector 15 plasmid 
pOW392, pPSJ77. pPSJ78. or pPSJ7BA. 
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FIG.2 

Restriction Site and Function Map of 
Plasmid pCZRIII 
(6,395 bp) 



BamHI 
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FIG.3 

Restriction Site and Function IMap of 
Plasmid pOW392 
(-8.4 Kb) 




EP 0 377 295 A1 



FIG.4 

Beta-Lactam Biosynthesis 
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FIG.5 

Restriction Site and Function Map of 
Piasmid pPSJ78 
(-14.5 kb) 

Sail 
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FIG.6 

Restriction Site and Function iViap of 

Plasmid pLC2 
(7.05 kb) 
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FrG.7 

Restriction Site and Function IMap of 
Piasmid pPSJ77 
(-8.8 1(b) 
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FIG.8 

Restriction Site and Function Map of 

Plasmid pPS51 
(7661 bp) 
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FI6.9 

Restriction Site and Function Map of 
Plasmid PIMLC12 

(2671 bp) 
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FIG.IO 

Restriction Site and Function IMap of 

Plasmid p3SR2 

(9362 bp) 
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Description 

The natural sulfur-containing j3-lactam antibiotics are the most important clinically, and the isolation of 
novel j3-lactam compounds continues nearly six decades since the discovery of the penicillins by Reming. 
5 The common structural feature of the penicillins and cephalosporins (including cephamycins) is the 0- 
lactam ring. 

These antibiotics are produced by a variety of prokaryotes and lower eukaryotes. The penicillins, 
exemplified by the compounds penicillin G (benzylpenicillin) or penicillin V, are produced mainly by 
filamentous fungi, most notably Penicillium chrysogenum . The cephalosporins, first isolated as a product 
70 from the lower eukaryote, Cephalosporium acremonium (syn. Acremonium chrysogenum ), are also 
metabolites of many prokaryotes but especially Streptomyces clavuligerus , S. lipmanii and S. cattleya that 
also produce cephamycins and other /3-lactams such as oxypenams (clavulanic acid) and carbapenams 
(thienamycin). 

The development of cell-free systems from )8-lactam-producing organisms has allowed the establish- 
75 ment of the biosynthetic steps in the pathway of the sulfur-containing j8-tactams (penicillins and 
cephalosporins). 

The initial steps in the formation of penicillins in filamentous fungi (e.g. P. chrysogenum ), and the 
cephalosporins and cephamycins produced by both prokaryotes and lower eukaryotes, are identical. ACV 
synthetase catalyzes the condensation of the amino acid precursors L-a-aminoadipate, L-cysteine, and L- 

20 valine to the tripeptide LLE)-ACV. The next step forms the first )8-lactam in the pathway by the cyclization of 
the tripeptide yielding isopenicillin N (IPN), the precursor to all penicillins, cephalosporins and cephamycins. 

After synthesis of IPN, the pathways to cephalosporins and penicillins diverge. In Penicillium 
chrysogenum , for example, the o-aminoadipyl side chain of IPN can be exchanged for one of many (nearly 
100 to date) hydrophobic side chains derived from the corresponding acyl CoA. One of the most familiar 

25 examples is the formation of penicillin G (benzylpenicillin) from phenylacetyl CoA and IPN. However, in the 
fungus C. acremonium , the a-aminoadipyl side chain is isomerized to produce penicillin N. The five- 
membered thiazolidine ring of the penicillin is then "expanded" to the six-membered dihydrothiazine ring 
that is characteristic of the cephalosporins. This reaction is catalyzed by deacetoxycephalosporin C 
synthetase (DAOCS) and produces the first cephalosporin in the pathway, deacetoxycephalosporin C 

30 (DAOC). Although the DAOCS activities from Cephalosporium acremonium and the gram-positive bacteria. 
Streptomyces clavuligerus and S. lactamdurans , have been extensively characterized, the remaining steps 
in the pathway are less well understood. 

The present invention provides a gene encoding an activity of the ^-lactam biosynthetic pathway, 
isopenicillin N epimerase. The activity is also known as racemase. The present invention expands the 

35 repertoire of beta-Iactam biosynthetic enzymes which can be over-produced. This ability facilitates the 
bioconversion of substrate analogs to novel beta-lactams and strain improvement by increased gene 
dosage. 

The present invention comprises a DNA sequence that encodes isopenicillin N epimerase activity from 
Streptomyces clavuligerus . Isopenicillin N epimerase (racemase) catalyzes the reaction in which penicillin N 

40 is formed from isopenicillin N and is also referred to as racemase. The enzyme converts the L-alpha- 
aminoadipyl side chain of isopenicillin N to a D-alpha-aminoadipyl side chain. It is now referred to as 
racemase rather than the former epimerase because it appears to establish an equilibrium between the two 
forms. The enzyme is highly unstable, but the reaction catalyzed is a critical step in the biosynthesis of 
important antibiotics, such as cephalosporins from Cephalosporium acremonium and 7a-methox- 

45 ycephalosporins or cephamycins from Streptomyces clavuligerus and S. lipmanii . Thus, it is quite important 
to be able to produce the activity in large quantities. 

The DNA compounds of the present invention encode the racemase activity in a single open reading 
frame. Transcription of this open reading frame, followed by translation of the resulting mRNA, yields a 
single polypeptide chain that possesses racemase activity. The DNA compound that encodes the racemase 

50 activity was isolated from Streptomyces clavuligerus genomic DNA and used to construct recombinant DNA 
expression vectors. Four types of these expression vectors are especially useful: the first driv s high-level 
expression of the racemase activity In E. coli; the second in Cephalosporium ; the third in Penicillium ; and 
the fourth in Streptomyces . 

The E. coli-produc d racemase activity catalyzes the formation of penicillin N from isopenicillin N. 

55 Crude cell extracts of these E. coli transformants of the Invention xhibit racemase activity. These E. coli 
expression vectors and transformants provide an efficient means for obtaining large amounts of active 
rac mase. Th rac mas is useful not only for th production of p nicillin N but also for the production of 
unique antibiotics. 
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The Cephalosporium v ctors of the present invention ar useful for purposes of constructing strains for 
use by the pharmaceutical industry. Cephalosporium is an economically important organism used to 
produce cephalosporin antibiotics. Transformation of Cephalosporium with the expression vectors of this 
invention results in higher intracellular levels of racemase activity in the transformants. These transform ants 

5 can be used to increase the efficiency of. and yield of antibiotic in, industrial fermentation processes. 
Transformation of C. acremonium strains that lack a functional racemase gene with vectors of the invention 
yields transformants that synthesize penicillin N. Penicillin N is useful as an intermediate in the preparation 
of orally absorbed, clinically important antibiotics. 

The Peniciilium vectors of the present invention are most useful to introduce cephalosporin synthesizing 

10 activities into high-level penicillin producing Peniciilium strains. The racemase activity is useful for the 
formation of penicillin N as a precursor to the conversion of the various penicillins to cephalosporins by 
expandase, either alone or in conjunction with other activities, such as deacetylcephalosporin C synthetase 
(DACS. which catalyzes the formation of deacetylcephalosporin C from DAOC, a hydroxylation reaction). 
For example, concomitant expression of isopenicillin N epimerase activity and DAOCS activity in Peniciilium 

15 leads to production of DAOC. a heretofore unknown metabolite in Peniciilium . 

The DNA compounds encoding the racemase activity are readily modified to construct expression 
vectors that increase the efficiency and yield of fermentations involving other organisms, such as 
Paecilomyces and Streptomyces , especially S. clavuligerus . Although the racemase-activity-encoding DNA 
of the present invention was isolated from S. clavuligerus , this DNA can be used to construct vectors that 

20 drive expression of racemase activity in a wide variety of host cells, as illustrated by the E. coli expression 
vectors described above. The construction protocols utilized for the E. coli, Cephalosporium . and Peniciilium 
vectors of the invention can be followed to construct analogous vectors for other organisms, merely by 
substituting, if necessary, the appropriate regulatory elements. The racemase-encoding DNA compounds of 
the present invention can be used to construct expression vectors useful for improving the efficiency and 

25 yield of fermentations involving a wide variety of penicillin and cephalosporin antibiotic-producing or- 
ganisms. 

The following section provides a more detailed description of the present invention. For purposes of 
clarity and as an aid in the understanding of the invention, as disclosed and claimed herein, the following 
items are defined below. 

30 amd S - an acetamidase gene; also used in the Figures to denote the Aspergillus nidulans acetamidase 
gene. 

amdSp - the promoter of the amd S gene. 

AmR - the apramycin resistance-conferring gene; also used to denote the apramycin-resistant 
phenotype. 

35 Antibiotic - a substance produced by a microorganism that, either naturally or with limited modification, 

will inhibit the growth of or kilt another microorganism or eukaryotic cell. 

Antibiotic Biosynthetic Gene - a DNA segment that encodes an activity necessary for an enzymatic 

reaction in the process of converting primary metabolites into antibiotics or converting one antibiotic 

compound into a different antibiotic compound. 
40 Antibiotic-Producing Organism - any organism, including, but not limited to, Streptomyces , Bacillus, 

Fiavobacterium , Monospora , Cephalosporium , Paecilomyces , Podospora , Peniciilium , and Nocardia , that 

either produces an antibiotic or contains genes that, if expressed, would produce an antibiotic. 

Antibiotic Resistance-Conferring Gene - a DNA segment that encodes an activity that confers resistance 

to an antibiotic. 

45 ApR - the ampicillin resistance-conferring gene; also used to denote the ampicillin-resistant phenotype. 
bGH - bovine growth hormone or DNA encoding same, 
bp - a base pair of double-stranded DNA. 

CAT - the chloramphenicol resistance-conferring gene, which encodes an acety transferase. 
cl857 - a gene encoding a temperature sensitive repressor of the XpL promoter. 
60 cIPS - isopenicillin N synthetase or isopenicillin N synthetase-encoding DNA from Cephalosporium 
acremonium . 

Cloning - the process of incorporating a segment of DNA into a recombinant DNA cloning vector. 

Coding sequence - the sequence of DNA in a gene that encodes either the amino acid residue 
s quenc of the protein expressed by the gene or, in the case of rRNA or tRNA gen s, the RNA sequenc 
55 of the rRNA or tRNA expressed by the gene. 

Cosmid - a recombinant DNA cloning vector that can replicate in a host cell in the sam manner as a 
plasmid but that can also utiiiz phage packaging mechanisms. 



4 



7 



EP 0 377 295 B1 



Gene - a segment of DNA that comprises a promoter, translational activating sequenc , coding 
sequence, and 3' regulatory sequences positioned to drive expression of the gene product, either a protein 
(and thus necessarily an mRNA), tRNA, or rRNA. 

Genomic Library - a set of recombinant DNA cloning vectors into which segments of DNA, which 
5 substantially represent the entire genome of a particular organism, have been cloned. 

hGH - human growth hormone or DNA encoding same. 

HmR - the hygromycin resistance-conferring gene; also used to denote the hygromycin-resistant 
phenotype. 

Hybridization - the process of annealing two single-stranded DNA molecules to form a double-stranded 
10 DNA molecule that may or may not be completely base-paired. 
IPS or IPNS - isopeniclllln N synthetase. 
Isopenlcillin N - has the structure depicted below: 



15 



20 (/ \0aH 



Isopeniclllln N Synthetase - an enzyme, also known as cyclase, that catalyzes the formation of 
isopenlcillin N from 5-(L-a-aminoadipyl)-L-cysteinyl-D-valine. 
25 KmR - the kanamycin resistance-conferring gene; also used to denote the kanamycln-resistant 
phenotype. 

lad - the E. coli laci gene. 

lacZa - the promoter and ^-galactosidase (lacZ) a-fragment derived from the E. coll lac operon. 

IppT - the transcription terminator of the E. coll Ipp gene. 
30 IppP - the promoter of the E. coli Igg gene. 

M13 ORI - the origin of replication of phage Ml 3. 

mel - the tyrosinase gene. 

MCS - a multiple-cloning site. 

mRNA - messenger ribonucleic acid. 
35 ORI - a plasmid or vector origin of replication, the DNA sequence that serves as an attachment or start 
site for DNA polymerase. 

Pen DNA - DNA from Penlcillium chrysogenum . 

Penicillin N - has the structure depicted below: 



40 



45 



cr u02H 



pIPS - the IPS gene or IPS coding sequence of Penicillium chrysogenum . 
60 pIPSp - the promoter of the IPS gene of Penicillium chrysogenum . 

pIPSt - the transcription terminator of the IPS gene of Penicillium chrysogenum . 

pL - the leftward promoter from bacteriophage lambda. 

Promoter - a DNA sequence that directs or initiates the transcription of DNA. 

Rac mase activity - an enzymatic activity which catalyzes the conversion of isop nicillin N to penicillin 
55 N and vice-versa and is encoded by the gen of the pr sent invention or by DNA which can be Identifi d 
by using th gene of th present invention as a probe. 

R comblnant DNA Cloning Vector - any autonomously replicating or integrating ag nt, Including, but not 
limited to. plasmids, comprising a DNA molecule to which one or mor additional DNA molecules can be or 
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have been added. 

Recombinant DNA Expr ssion V ctor - any autonomously replicating or int grating ag nt, including, but 
not limited to, plasmids, comprising a promoter and other regulatory sequences positioned to drive 
expression of a DNA segment that encodes a polypeptide or RNA of research or commercial interest. 
5 Recombinant DNA Vector - any recombinant DNA cloning or expression vector. 

Restriction Fragment - any linear DNA molecule generated by the action of one or more enzymes. 

rRNA - ribosomal ribonucleic acid. 

Sensitive Host Cell - a host cell that cannot grow or whose growth is inhibited in the presence of a 
given antibiotic without a DNA segment that confers resistance thereto. 
10 TcR - the tetracycline resistance-conferring gene; also used to denote the tetracycline-resistant 
phenotype. 

Transcription Terminator - a DNA sequence that signals the temnination of transcription of DNA by RNA 
polymerase. 

Transfectant - a recipient host cell that has undergone transformation by phage DNA or by DNA 
15 packaged into a phage particle. 

Transfomiant - a recipient host cell that has undergone transformation. 

Transformation - the introduction of DNA into a recipient host cell that changes the genotype and 
results in a change in the recipient cell. 

Translational activating sequence - a regulatory DNA sequence that, when transcribed into mRNA, 
20 promotes translation of mRNA Into protein. 
tRNA - transfer ribK)nucleic acid. 

trp - the promoter and translational activating sequence of the tryptophan operon of E. coli . 

The restriction site and function maps presented in the accompanying drawings are approximate 
representations of the recombinant DNA vectors discussed herein. The restriction site information is not 
25 exhaustive; therefore, there may be more restriction sites of a given type on the vector than actually shown 
on the map. 

Rgure 1. A restriction site and function map of plasmid pOW390. 

Figure 2. A restriction site and function map of plasmid pCZR111. 

Figure 3. A restriction site and function map of plasmid pOW392. 
30 Figure 4. A diagram of beta-lactam biosynthetic pathways. 

Rgure 5. A restriction site and function map of plasmid pPSJ78. 

Figure 6. A restriction site and function map of plasmid pLC2. 

Rgure 7. A restriction site and function map of plasmid pPSJ77. 

Figure 8. A restriction site and function map of plasmid pPS51 . 
35 Figure 9. A restriction site and function map of plasmid pMLC12. 

Figure 10. A restriction site and function map of plasmid p3SR2. 

The present invention comprises DNA compounds and recombinant DNA cloning and expression 
vectors that encode the racemase activity of Streptomyces clavuligerus . 

In particular the invention comprises a constructed DNA compound that encodes a protein having the 
40 isopenicillin N epimerase (racemase) activity of Streptomyces clavuligerus . The sequence of the S. 
clavuligerus racemase-encoding DNA is depicted below, together with a portion of the DNA that flanks the 
3* end of the coding region in the S. clavuligerus genome. In the depiction, only the "sense" or coding 
strand of the double-stranded DNA molecule is shown, and the DNA is depicted from left to right in the 5* 
3* orientation. The nucleotide sequence is numbered; the numbers appear to the left of the DNA 
45 sequence. The amino acid residue sequence of the racemase encoded by the DNA is listed, following the 
DNA sequence, from left to right in the amino-terminus carboxy-terminus direction. 
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1 


ATGGCGGTAG CCGACTGGGA AGAAGCCCGC 


GGCCGTATGC 


TGCTCGACCC 


51 


CACCGTCGTC 


AACCTCAACA 


CCGGCTCCGG 


GGGACCGCTG 


CCGCGCAGCT 


101 


TCGAGCGGGT 


CACCGGCTTC 


CGCGCCCATC 


TCGCGGCCGA 


GCCGATGGAC 


151 


TTCCTGCTCC 


GCGAGGTCCC 


CGCACTGCTG 


TGGCAGGCGC 


GGGAGAGCCT 


201 


CGCCCGCCTC ATCGGCGGGG ACCCGCTGCG 


CCTCGCCCTG 


GCCACCAACG 


251 


TCACCGCCGC 


CGTCAACCTC 


GTCGCGTCGT 


CACTGCGCCT 


CGAAGCGCCC 


301 


GGCGAGATCC TGCTCAGCGA 


CGACGAGTAC 


ACGCCCATGC 


GCTGGTGCTG 


351 


GGAGCGGGTC 


GCCC6GCGGC ACGGCCTGGA 


GCTGAGGACG 


TTCCGGCTGC 


401 


CCGAGCTGCC 


CTCGGACCC6 6CCGAGATCA 


CCGCGGCGGC 


GGTCGCCGCG 


451 


ATGGGACCGC 


GCACCCGGCT 


GTTCTTCTTC 


AGCCATGTCG 


TCTCCACGAC 


501 


CGGGCTGATC 


CTGCCCGCCG CCGAACTGTG 


CGAGGAGGCC 


CGCGCACGGG 


551 


GCATCACCAC 


CGTGGTCGAC 


GGCGCCCACG 


CACCCGGCTT 


CCTCGACCTC 


601 


6ACCTCTCCC 


GGATCCCCTG 


CGACTTCTAC 


GCGGGCAGCG 


GCCACAAATG 


651 


GCTGCTCGCC 


CCCACCGGGG 


TCGGCTTTCT 


CCACCTCGCC 


CCCGGCCGCC 


701 


TGGAAGAACT 


GGAGCCCACC 


CAGGTGAGCT 


GGGCGTACGA 


GCCCCCGGAG 


751 


GCAGCGGCCC 


GCCGGCCGCG 


CGCGACCGCT 


GTCGGCAGCA 


CACCCGGGCT 


801 


GCGCAGACTC 


GAATGCGAGG 


GGACCCGGGA 


CATCTGCCCC 


TGGCTCGCCA 


851 


CACCGGAGTC 


GATCGACTTC 


CAGGCCGAGC 


TGGGCCCCGG 


GGCGATCCGC 


901 


GCCCGCCGCC 


GCGAGCTGAC 


GGACCACGCG 


CGCCGCCTGC 


TCGCCGACCG 


951 


CCCGGGCCGC 


ACGCTCCTCA 


CCCCCGACTC 


CCCGGAGC7G 


TCCGGCGGCA 


1001 


TGGTGGCCTA 


CCGGCTGCCC 


CCGGGAACCG 


ACGCGGCCGA 


GCTGCGCCGG 


1051 


GGGCTCTGGG AGCGCTTCCG 


GATCGAGGCC 


GCGGTGGCCG 


AGCAGCCGCC 


1101 


CGCGCCGGTG CTCCGGATCT 


CGGCGAACTT 


CTACACCACC 


GAAGAGGAGA 


1151 


TCGACCGCCT 


GGCGGACGCG 


CTGGACGCGC 


TGACGGGCGA 


GTGATCCCCC 


1201 


CGGCTCGCGG ACCGCCTCCC 


CCGCGCT6TT 


GACCACCCGG 


TTCACGGATT 


1251 


ACGAGAGGAT CA6TGAGAGT TG 







wherein A is deoxyadenyt, G is deoxyguanyl. C is deoxycytidyl. and T is thymldyl. 
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Following is the amino acid s quenc encoded by the preceding DNA sequence: 



NH2-Net Ala 


Val 


Ala 


Asp Txrp 


Glu 


Glu 


Ala 


Arg 


Gly Arg 


Met 


Leu 


Leu Asp 


Pro 


Thr 


Val 


Val 


Asn Leu 


Asn 


Thr 


Gly Ser 


Gly 


Gly 


Pro 


Leu 


Pro Arg 


Ser 


Phe 


Glu Arg 


Val 


Thr 


Giy 


Phe 


Arg Ala 


His 


Leu 


Ala Ala 


Glu 


Pro 


Met 


Asp 


Phe Leu 


Leu 


Arg 


Glu Val 


Pro 


Ala 


Leu 


Leu 


Trp Gin 


Ala 


Arg 


Glu Ser 


Leu 


Ala 


Arg 


Leu 


He Gly 


Gly 


Asp 


Pro Leu 


Arg 


Leu 


Ala 


Leu 


Ala Thr 


Asn 


Val 


Thr Ala 


Ala 


Val 


Asn 


Leu 


Val Ala 


Ser 


Ser 


Leu Arg 


Leu 


Glu 


Ala 


Pro 


Gly Glu 


He 


Leu 


Leu Ser 


Asp 


Asp 


Glu 


Tyr 


Thr Pro 


Met 


Arg 


Trp Cys 


Trp 


Glu 


Arg 


Val 


Ala Arg 


Arg 


His 


Gly Leu 


Glu 


Leu 


Arg 


Thr 


Phe Arg 


Leu 


Pro 


Glu Leu 


Pro 


Ser 


Asp 


Pro 


Ala Glu 


He 


Thr 


Ala Ala 


Ala 


Val 


Ala 


Ala 


Met Gly 


Pro 


Arg 


Thr Arg 


Leu 


Phe 


Phe 


Phe 


Ser His 


Val 


Val 


Ser Thr 


Thr 


Gly 


Leu 


He 


Leu Pro 


Ala 


Ala 


Glu Leu 


Cys 


Glu 


Glu 


Ala 


Arg Ala 


Arg 


Gly 


He Thr 


Thr 


Val 


Val 


Asp 


Gly Ala 


His 


Ala 


Pro Gly 


Phe 


Leu 


Asp 


Leu 


Asp Leu 


Ser 


Arg 


He Pro 


Cys 


Asp 


Phe 


Tyr 


Ala Gly 


Ser 


Gly 


His Lys 


Trp 


Leu 


Leu 


Ala 


Pro Thr 


Gly 


Val 


Gly Phe 


Leu 


His 


Leu 


Ala 


Pro Gly 


Arg 


Leu 


Glu Glu 


Leu 


Glu 


Pro 


Thr 


Gin Val 


Ser 


Trp 


Ala Tyr 


Glu 


Pro 


Pro 


Glu 


Ala Ala 


Ala 


Arg 


Arg Pro 


Arg 


Ala 


Thr 


Ala 


Val Gly 


Ser 


Thr 


Pro Gly 


Leu 


Arg 


Arg 


Leu 


Glu Cys 


Glu 


Gly 


Thr Arg 


Asp 


He 


Cys 


Pro 
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Trp 


Leu 


Ala 


Thr 


Pro 


Glu 


Ser He 


Asp 


Phe 




Gin 


Ala 


Glu 


Leu 


Gly 


Pro 


Gly Ala 


He 


Arg 


5 


Ala 


Arg 


Arg 


Arg 


Glu 


Leu 


Thr Asp 


His 


Ala 




Arg 


Arg 


Leu 


Leu 


Ala 


Asp 


Arg Pro 


Gly 


Arg 




Thr 


Leu 


Leu 


Thr 


Pro 


Asp 


Ser Pro 


Glu 


Leu 


70 


Ser 


Gly 


Gly 


Net 


Val 


Ala 


Tyr Arg 


Leu 


Pro 




Pro 


Gly 


Thr 


Asp 


Ala 


Ala 


Glu Leu 


Arg 


Arg 




Gly 


Leu 


Trp 


Glu 


Arg 


Phe 


Arg He 


Glu 


Ala 


75 


Ala 


Val 


Ala 


Glu 


Gin 


Pro 


Pro Gly 


Pro 


Val 


Leu 


Arg 


He 


Ser 


Ala 


Asn 


Phe Tyr 


Thr 


Thr 




Glu 


Glu 


Glu 


He 


Asp 


Arg 


Leu Ala 


Asp 


Ala 




Leu 


Asp 


Ala 


Leu 


Thr 


Gly 


Glu End 


Ser 


Pro 


20 


Arg 


Leu 


Ala 


Asp 


Arg 


Leu 


Pro Arg 


Ala 


Val 




Asp 


His 


Pro 


Val 


His 


Gly 


Leu Arg 


Glu 


Asp 



Gln-COOH 

25 

wherein Ala is an alanine residue, Arg is an arginine residue. Asn is an asparagine residue. Asp is an 
aspartic acid residue. Cys is a cysteine residue. Gin is a glutamine residue. Glu is a glutamic acid residue. 
Gly is a glycine residue, His is a histidine residue, lie is an isoleucine residue. Leu is a leucine residue, Lys 
is a lysine residue, Met is a methionine residue. Phe is a phenylalanine residue, Pro is a proline residue, 

30 Ser is a serine residue, Thr is a threonine residue. Trp is a tryptophan residue. Tyr is a tyrosine residue, 
and Val is a valine residue. 

Those skilled in the art will recognize that the DNA sequence depicted above is an important part of the 
present invention. The above sequence can be conventionally synthesized by the modified phosphotriester 
method using fully protected deoxyribonucleotide building blocks. Such synthetic methods are well known 

35 in the art and can be carried out in substantial accordance with the procedure of Itakura et a|.. 1977. 
Science 198:1056 and Crea et al.. 1978. Proc. Nat. Acad. Sci. USA 75:5765. In addition, an especially 
preferred method is disclosed in Hsiung et al.. 1983. Nucleic Acid Research 11:3227 and Narang et aj.. 
1980. Methods In Enzymology 68:90. In addition to the manual procedures referenced above, the DNA 
sequence can be synthesized using automated DNA synthesizers, such as the Systec 1450A or ABS 

40 (Applied Biosystems. 850 Lincoln Centre Drive. Foster City, CA 94404) 380A DNA Synthesizers. 

Due to the degenerate nature of the genetic code, which results from there being more than one codon 
for most of the amino acid residues and the translation stop signal, the amino acid residue sequence of 
racemase enzyme depicted above can be encoded by a multitude of different DNA sequences. Because 
these alternate DNA sequences would encode the same amino acid residue sequence of the present 

45 invention, the present invention further comprises these alternate sequences. 

The present invention comprises DNA compounds and recombinant DNA cloning and expression 
vectors that encode the racemase activity of Streptomyces clavuligerus . 

The racemase activity encoding DNA compounds of the present invention were isolated from a strain of 
Streptomyces clavuligerus . A genomic library of the total genomic DNA of the S. clavuligerus strain was 

50 constructed and examined for the presence of sequences homologous to a deoxyribooligonucleotide probe. 
This probe was constructed in accordance with information obtained about the amino-terminal amino acid 
sequence of the S. clavuligerus racemas , with knowledge of the genetic code, and with knowledge of 
codon usage preferenc s of Streptomyces . DNA sequencing revealed which vector encoded the S. 
clavuligerus racemase. 

65 An -3.6 kb Kpnl r striction fragment of a cosmid designated as pOW379 that was identified as 
comprising the racemase gen was inserted into commercially available plasmid pUC19 (digested with 
Kpn l) to yield plasmid pOW390, which was then transformed into E. coli K12 RR1AM15 host c lis. Th E. 
coll K12 RR1AM15/pOW390 transformants have been deposited and made part of the stock culture 
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collection of the Northern Regional Research Laboratori s (NRRL), Peoria, IL 61604, under th accession 
number NRRL B-18431 (date of deposit: November 15, 1988). A restriction site and function map of plasmid 
pOW390 is presented in Figure 1 of the accompanying drawings. 

Plasmid pOW390 serves as useful starting material for the construction of other expression vectors of 

5 the invention. These vectors are especially useful in a method for producing racemase activity in a 
recombinant host cell, said method comprising: (1) transforming said host cell with a recombinant DNA 
expression vector that comprises: (a) a promoter and translational activating sequence; and (b) a DNA 
sequence that encodes racemase activity and is positioned for expression from said promoter and 
translational activating sequence; and (2) culturing said host cell transformed in step (1) under conditions 

10 that allow for expression of said racemase activity. 

Plasmid pOW390 can be isolated from E. coli K12 RR1AM15/pOW390 by the procedure described in 
Example 1 . Plasmid pOW390 contains the intact Streptomyces clavuligerus racemase gene, which can be 
isolated, for example, from the plasmid on an -3.6 kb Kpn l restriction fragment. Plasmid pOW390 was used 
as starting material in the construction of a plasmid. designated pOW392, that drives high-level expression 

75 of racemase activity in E. coli. To facilitate manipulation of the S. clavuligerus racemase coding sequence, a 
Ncol restriction enzyme recognition sequence was created at position -2 to +4 of the S. clavuligerus 
racemase DNA coding sequence in plasmid pOW392. 

The creation of the Nco l site was done by Ml 3 site-directed mutagenesis techniques and involved 
changing DNA bases surrounding the start codon of the racemase gene from ACATGG to CCATGG. One 

20 skilled in the art will recognize that DNA mutagenesis techniques are commonly used to introduce 
restriction enzyme recognition sites into DNA sequences and that in this case the encoded amino acid 
sequence was not changed. The mutagenesis and intermediate constructs are described in greater detail in 
Example 2. 

Plasmid pOW392 can be constructed by inserting the Streptomyces clavuligerus racemase coding 

25 sequence into plasmid pCZRIII (available from the NRRL under accession number NRRL B-18249. date of 
deposit: August 11. 1987), an expression vector that comprises the lambda pL (XpL) promoter and a 
translation activating sequence, the cI857 temperature sensitive repressor gene, a tetracycline resistance- 
conferring gene, and DNA sequences encoding vector replication functions. For a detailed description of the 
construction of pOW392, see Example 2. The XpL-derived promoter of plasmid pCZRIH is positioned to 

30 drive expression of tiie racemase gene. At low temperatures of about 30 • C. the cl857 protein encoded on 
plasmid pCZRIII or its derivatives is active and able to repress activity of the XpL promoter, but when the 
temperature is raised to about 42 'C, the cl857 protein is inactivated, and the XpL promoter drives 
transcription of large amounts of mRNA encoding the gene product of interest. A restriction site and 
function map of plasmid pCZRIII is presented in Figure 2 of the accompanying drawings. 

35 Plasmid pOW392 comprises the same cI857 gene. XpL promoter, and translational activating sequence 
as does plasmid pCZRIII but furtiier contains the coding sequence of the racemase gene from plasmid 
pOW390 positioned for expression from the XpL promoter. The -1.7 kb Sty! restriction fragment of plasmid 
pOW390 comprises the complete coding sequence for racemase. Plasmid pOW392 was constmcted so 
that the XpL promoter and the translational activating sequence of plasmid pCZR1 1 1 are positioned to drive 

40 expression of the racemase-activity-encoding DNA. A restriction site and function map of plasmid pOW392 
is presented In Rgure 3 of the accompanying drawings. 

At temperatures of about 42 'C, E. ^ K12 JM109/pOW392 expresses racemase activity at high levels, 
approaching -5% of the total cell protein. Crude cell extracts from tfiese E. coli K12 JM109/pOW392 
ti'ansformants are able to catalyze the conversion of isopenicillin N into penicillin N, whereas cell extracts 

45 from non-transformed E. coli K12 JM109 cells cannot catalyze this conversion. The method of assay and 
results of the assay for the conversion reaction are presented in Example 4. 

Many E. coli K12 strains contain an endogenous penicillinase activity, probably encoded by the amp C 
locus. For this reason it is desirable to effect a partial purification of the racemase polypeptide so that 
optimal racemase activity is observed. For these purposes, purification of the enzyme can be used to 

50 separate the endogenous E. coli penicillinase activity from the desired racemase activity. 

Plasmid pOW392 provides an efficient means of producing large amounts of racemase activity in E. 
coli . Because culturing E. coli is less complex than culturing organisms that naturally produce racemase, E. 
coli/pOW392 transformants can be used to produce recombinant racemase more efficiently and ec- 
onomically than non-r combinant or "natural" racemase produc rs. 

55 Rac mas can be used to produc penicillin N from isopenicillin N in a cell-free system as descrit>ed in 
Example 3. P nicillin N is not only a us ful antibiotic, but also can be used as the starting material for the 
production of such Important antibiotics as cephalexin and other cephalosporins (see U.S. Pat nt No. 
4.307,192). Perhaps the most important use of racemase is the use of the enzyme to transform penicillins 
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oth r than isopenicillin N into novel antibiotic derivatives. An example would be to use cephamycin C as a 
substrat for racemas , catalyzing the reaction in a dir ctlon r v rs from its mode in natural biosynth tic 
pathways, to generate an L-aminoadipoyI derivative which could then serve as a substrate to form 7- 
aminocephalosporanic acid, a starting material for semi-synthetic cephalosporins. 

s Cell-free extracts of penicillin and cephalosporin-producing organisms can be used to synthesize 
unnatural (not produced in nature) ^S-lactams. The E. coli expression vectors of the present invention 
provide an inexpensive and efficient method of obtaining racemase activity, which can be used in vitro to 
modify penicillins to form novel antibiotics or antibiotic core structures. 

Plasmid pOW392 is especially preferred for driving expression of racemase activity in E. coli not only 

10 because of the high expression levels achieved when using the plasmid but also because of the selectable 
marker present on the plasmid. Many recombinant DNA vectors encode a /3-lactamase. so that cells 
containing the vector can grow in the presence of certain jS-lactam antibiotics, such as ampicillin. However, 
If one desires to use a cell-free extract containing racemase activity for purposes of constructing ^-lactams, 
one does not want the extract to contain ^-lactamase activity. Thus, plasmid pOW392 does not encode a fi- 

15 lactamase for a selectable marker but rather employs a tetracycline resistance-conferring gene, which 
encodes a protein that does not react with ^-lactams. 

The racemase expression vectors of the present invention, however, are not limited to a particular 
selectable marker. Those skilled in the art recognize that many selectable markers are suitable for use on 
racemase expression vectors. Such selectable markers include, for example, genes that confer kanamycin 

20 resistance, genes that confer chloramphenicol resistance, or other antibiotic resistance-conferring genes. 

The search for unnatural penicillins that will serve as substrates for racemase can be complemented by 
a search for mutant racemase enzymes that will accept other penicillins as substrate. The present invention 
provides the starting material for such a search for a mutant racemase and comprises DNA compounds 
derived through mutagenesis of the racemase coding sequence. E. coli is a preferred host for mutational 

25 cloning experiments, and the E. coli expression vectors of the present invention can be readily mutated by 
procedures well known in the art. such as, for example, treatment with radiation pc-ray or UV) or chemical 
mutagens (such as ethylmethanesulfonate, nitrosoguanidine, or methyl methanesulfonate) or site-specific 
mutagenesis, to obtain mutant enzymes that recognize unnatural penicillins as substrate. 

As those skilled in the art will recognize, the present invention allows one to change the codons for the 

30 racemase gene at will. Given the DNA sequence for the racemase gene, procedures fanniliar to one skilled 
in the art are used to generate mutant racemase enzymes that vary from the natural racemase enzyme at 
any number of amino-acid residue positions. Such mutant enzymes would be encoded by mutant racemase 
coding sequences, including sequences in which amino-acid codons have been deleted from or inserted 
into the natural racemase coding sequence. Such mutant enzymes are within the scope of the present 

35 invention, because even if one cannot absolutely predict whether a given mutation will destroy activity of the 
encoded racemase, one need merely express the mutant sequence to ascertain the effect on racemase 
activity. 

The present invention is not limited to the particular vectors exemplified herein. Instead, the present 
invention comprises DNA compounds that encode the racemase activity of Streptomyces clavuligerus . The 

40 DNA compounds of the present invention can be used to construct expression vectors that drive expression 
of racemase activity in any host cell in which the expression vector replicates or integrates and in which the 
promoter and translationat activating sequence are functional. 

Therefore, the present invention comprises any E. co|i expression plasmid or vector that drives 
expression of racemase activity in E. coli . Thus, the present Invention comprises expression vectors that 

45 drive expression of racemase activity and utilize a replicon functional in E. coli. such as, for example, a 
replicon from such plasmids as pBR322, pACYC184. F, ColV-K94, R1, R6-5. or R100. Nor is the present 
invention solely limited to plasmid vectors, for the present invention also comprises expression vectors that 
express racemase activity and utilize integration or viral replication to provide for replication and main- 
tenance in the host cell. 

50 The present invention is not limited to a particular promoter and translational activating sequence to 
drive expression of the racemase activity-encoding DNA. The present invention comprises the use of any 
promoter and translational activating sequence tiiat function in E. coli and is used to express racemase 
activity in E. colt. Many promoter and translational activating sequences functional in E. coli are known and 
are suitabi for driving expression of racemas activity in E. coli. Such transcriptional and translational 

55 activating sequences include, but ar not limit d to, the Ipp, lac. tip. tac, XpL. and XpR promoter and 
translational activating sequ nces. 

In addition, transcriptional and translational activating sequ nc s from otiier organisms can be ligated to 
the present rac mase-activity-encoding DNA compounds to form expr ssion vectors that drive expression 
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10 



of isopenicillin N epimerase activity in host c lis in which the activating sequence functions. Although E. coli 
is the host best suited for racemase production and subsequent purification for in vitro use, vectors that 
drive expression of isopenicillin N epimerase activity in host cells other than E. coli are also useful, 
especially for purposes of increasing the antibiotic-producing ability and efficiency of a given organism. 

A variety of organisms produce /5-lactam antibiotics. The following Table presents a non-comprehensive 
list of )8-lactam antibiotic-producing organisms. 



TABLE I 



0-*Lac'tam Antibiotic-Producing Organisms 



15 



20 



25 



30 



35 



40 



45 



Organism 

Aqrobacterixxm 

Arachnomyces 
minimus 

Anixiopsis 

peruviana 

Cephalosporium 
acremonxum 
purpurascens 
polyaleurum 
chrysogenum 
curtipes 

Chromobacteriiim 

Emericellopsis 
terricola 
minima 

synnematicola 
glabra 
mirabilis 
salmosynnemata 

Flavobacterium 

Gluconobacter 

Nocardia 

lactamadurans 
unTformri 



Antibiotic 

various p -lactams 

penicillins and 
cephalosporins 

penicillins and 
cephalosporins 



penicillins and 
cephalosporins 



various p -lactams 

penicillins and 
cephalosporins 



various p-lactams 
various p -lactams 



cephamycin C 
nocardicin 



50 Paecilomyces 
cameus 
persicinus 



penicillins and 
cephalosporins 



55 
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P nicilliiim 



chrysoqenxim 



Serratia 

Spiroidium 
fuscxim 

Streptomyces 

antibioticus 
argenteolus 

cattleya 
chartreusis 

cinnamonensis 
ciavuliqerus 



fimbriatus 

flavovirens 

flavus 

fulvoviridis 
griseus 

halstedi 
heteromorphus 

hyqroscopicus 
lipmanii 



olivaceus 

panayensis 

pluracidomyceticus 

rochei 

sioyaensis 

sp. OA-6129 

sp. KC-6643 

tokunomensis 

viridochromoqenes 

vadayamenais 



various penicillins and 
other lactams 

various p-lactams 

penicillins and 
cephalosporins 



clavulanic acid 

asparenomycin A, 

MM 4550, and MM 13902 

thienamycin 

SF 1623 and 

cephamycin A and B 
cephamycin A and B 
PA-32413-I, cephamycin C, 

A16886A, penicillins, 

cephalosporins , 

clavulanic acid, 

and other clavams 
cephamycin A and B 
MM 4550 and MM 13902 
MM 4550 and MM 13902 
MM 4550 and MM 13902 
cephamycin A and B 
and carpetimycin A and B 
cephamycin A and B 
C20dlX and 

cephamycin A and B 
deacetoxy-cephalosporin C 
cephamycin, penicillin N, 
7-methoxycephalosporin C, 
A16884, MM4550, MM13902 
epithienamycin F, 
MM 4550, and MM 13902 
C2081X and 

cephamycin A and B 
pluracidomycin A 
cephamycin A and B 
MM 4550 and MM 13902 
OA-*6129A 
carpetimycin A 
asparenomycin A 
cephamycin A and B 
WS-3442-D 



Some of the-foregoing )3-iactam antibiotic-producing organisms are used in the pharmaceutical industry 
for purposes of antibiotic production. The antibiotic-producing ability of thes organisms can be incr ased 
and made more fficient by increasing th intracellular concentration of the antibiotic biosynthetic enzymes 
during the f rmentation. The rac mase activity-encoding DNA compounds of th present inv ntion can be 
used to construct expr ssion v ctors that, when transformed into th appropriate host cell, increas the 
intracellular concentration of rac mase activity of th transformed host cell and ther by increase the 
antibiotic-producing ability and ffici ncy of that c II, provid d that th host cell produces a ^-lactam 
antibiotic via an intermediate r action involving racemase activity. 
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A vector that will increase the intracellular concentration of racemase activity of a given host cell into 
which the vector is transformed requires the following elements: 1) a racemase activity-encoding DNA 
compound of the present invention; and 2) a promoter and transiational activating sequence that not only 
function in the host celt to be transformed, but also are positioned in the correct orientation and position to 

5 drive expression of the racemase activity-encoding DNA. Of course, stable transformants can only be 
obtained if the vector replicates, either as an extrachromosomal element or integrated in the genomic DNA. 
in the host cell. Thus, a preferred vector might contain sequences that specifically direct replication or 
integration of the vector in the host cell. However, the presence of such specific replication or integration 
sequences is not absolutely required, as non-specific integration may occur when DNA is introduced into a 

10 host cell. A racemase expression vector could also comprise an antibiotic resistance-conferring gene or 
some other element that provides a means of selecting for host cells which contain the vector, but such 
selectable elements may neither be necessary nor desired when the vector integrates into the chromosomal 
DNA of the host cell. 

By providing the coding sequence of the racemase gene of Streptomyces clavuligerus , the present 

15 invention provides racemase expression vectors for any organism susceptible to transformation. The E. coll 
racemase expression vectors described above illustrate the wide variety of expression vectors of the 
present invention. However, many of the preferred vectors of the invention are designed to drive expression 
of racemase in a j3-lactam antibiotic (including penicillins and cephalosporins) producing cell. 

Penicillium vectors of the invention are illustrative of the vectors provided by the present invention 

20 tfiat can be used to increase the yield of antibiotic from such a j8-lactam antibiotic-producing cell or to alter 
the antibiotic normally produced by the cell. One such illustrative vector, designated plasmid pPSJ78, 
contains the promoter and transiational activating sequence of the Penicillium isopenicillin N synthetase 
(IPNS) gene positioned to drive expression of the racemase coding sequence of the present invention. A 
restriction site and function map of plasmid pPSJ78 is provided in Rgure 5 of the accompanying drawings. 

26 The construction protocol for plasmid pPSJ78 and a variety of useful intermediates is set forth in 
Example 4. The first step in constructing pPSJ78 is to digest plasmid pOW392 with restriction enzyme 
EcoRI which cuts the plasmid one time. The resulting linear DNA is then partially digested with restriction 
enzyme Ncol such that the -500 bp EcoRI- Nco l fragment containing the natural Streptomyces clavuligerus 
promoter and transiational activating sequence is removed. In its place is inserted the -925 bp EcoRI-Ncol 

30 fragment from plasmid pLC2 (available from tiie American Type Culture Collection as ATCC 53334, date of 
deposit: November 20. 1985) which contains the Penicillium chrysogenum isopenicillin N syntiietase 
promoter and transiational activating sequence. The resultant plasmid is entitied pPSJ77 (Figure 7). The 
final step in constructing plasmid pPSJ78 is to insert an -5.65 kb EcoRI fragment containing the Aspergillus 
nidulans acetamidase gene from plasmid pPS51 Into EcoRI-digested pPSJ77. The acetamidase gene 

35 functions as a selective marker in Penicillium . 

Racemase expression vectors that contain the acetamidase gene are particularly useful as vectors for 
inserting genes into Penicillium chrysogenum , because no special recipient strain, such as an auxotroph. 
need be constructed, owing to the natural inability of P. chrysogenum to grow on acetamide as sole 
nitrogen source. Transformation systems based on complementation of auxotrophic markers by a gene in 

40 the transforming plasmid do not share this advantage. Frequently, pleiotropic mutations are associated with 
the introduction of an auxotrophic marker into a P. chrysogenum strain highly developed for penicillin 
production. Such mutations usually result in lower penicillin production (MacDonald et al., 1963. J. Gen. 
Microbiol. 33: 365-374). 

The vectors described above and in the Examples are merely illustrative of the wide variety of 
45 racemase expression vectors provided by the present invention. European Patent Publication Serial No. 
0281391, published September 7, 1988. describes the 5' and 3* regulatory signals of the Cephalosporium 
acremonium expandase-hydroxylase gene. The signals can be combined with the racemase coding 
sequence of the present invention to yield racemase expression vectors of the invention especially suited 
for use in Cephalosporium . European Patent Publication 0200425. published December 10, 1986, discloses 
50 the transcription and translation activating sequences of the Cephalosporium acremonium IPNS gene, which 
can be fused to the Streptomyces clavuligerus racemase coding sequence of the present invention to 
create a recombinant racemase gene that drives expression (when incorporated into an expression v ctor 
and the vector introduced into Cephalosporium ) of the S. clavuligerus racemase coding sequence in 
Cephalosporium . 

55 The racemase expr ssion vectors of the present invention are us ful for increasing the intracellular 
concentration f racemase activity in any cell, especially ^-lactam antibiotic-producing cells. Plasmid 
pOW390 comprises th coding sequence of th racemas g ne of Str ptomyc s clavulig rus , so plasmid 
pOW390 can be used to construct vectors for increasing the copy number of the rac mas gene and thus 
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for increasing intracellular concentration of the enzyme. Because the racemase coding sequence of the 
Invention was isolated from a Streptomyces host cell, the racemase coding sequence is particularly well- 
suited for use in expression vectors designed to drive high-level expression of racemase activity in 
Streptomyces host cells. The literature is replete with techniques for constructing Streptomyces expression 

5 vectors and for transforming Streptomyces host cells. See, for instance, Garcia-Dominguez et aj„ 1987. 
Applied and Environmental Microbiology 53(6): 1376- 1381. The racemase coding sequence of the invention 
can be readily incorporated into an expression vector that comprises a Streptomyces promoter and 
replicon. A variety of known Streptomyces promoters and replicons are available for such use. Table II is an 
illustrative, but not comprehensive, listing of Streptomyces plasmids from which Streptomyces replicons 

70 can be obtained. Those skilled in the art recognize that, so long as the replicon function is not disrupted, all 
or part of the plasmids listed in the Table may be used to construct vectors that contain the racemase gene 
of the present invention. The plasmid-containing host and depository accession number are also listed in 
Table II. 

75 TABLE II 



Streptomyces Plasmids 


Plasmid 


Host 


Accession Number 


SCP2 


Streptomyces coelicolor A3(2) 


NRRL 15042 


scpa* 


Streptomyces coelicolor M110 


NRRL 15041 


pEL7 


Streptomyces ambofaciens/pEL7 


NRRL 12523 


pUC6 


Streptomyces espinosus 


NRRL 11439 


pUC3 


Streptomyces 3022A 


NRRL 11441 


SLPI 


Streptomyces lividans 


NCIB' 11417 


pNMlOO 


Streptomyces virginiae 


NRRL 15156 


pEL103 


Streptomyces granuloruber A399 12.13/pEL103 


NRRL 12549 


plJ702 


Streptomyces lividans 


ATCC2 39155 



30 ^National Collection of Industrial Bacteria (NCIB), Torry Research Station. Post Office 

Box 31. 135 Abbey Road. Aberdeen AB98DG. Scotland, United Kingdom. 
^American Type Culture Collection, Rockville, MD 20852. 



The Streptomyces clavuligerus racemase coding sequence of the invention can also be put under the 
control of transcription and translation activating sequences derived from other strains of Streptomyces , as 
well as from Penicillium , Cephalosporium , or any other host cell to construct a recombinant racemase gene 
for use in the given organism. 

The following Examples are provided to further illustrate and exemplify, but do not limit the scope of, 
the present invention. 

Example 1 



A. Culture of E. coli K12 RRlAM15/pOW390 

45 . ' — 



A lyophil of E. coli K12 RR1AM15/pOW390 can be obtained from the Northem Regional Research 
Laboratories (NRRL), Peoria, IL 61604, under the accession number NRRL B-18431 (date of deposit: 
November 15, 1988) and used directly as the "culture" in the process described below. 

One liter of TY broth (8 g tryptone, 5 g NaCI. and 5 g yeast extract per liter) containing 100 ug/mL 
ampicillin was inoculated with a culture of E. coli K12 RR1AM15/pOW390 and incubated with aeration at 
37 •C overnight (15-18 hours). The resulting culture was used as a source of plasmid pOW390. 

B. Isolation of Plasmid pOW390 

The culture prepared in Example 1A was centrlfuged at 5200 rpm for 10 minutes at 4*C to pellet the 
celts. The resulting supernatant was discarded. The cell pellet was resuspended in 28 mL of a solution of 
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25% sucrose and 50 mM EDTA. About 1 mL of a solution of 20 mg/mL lysozyme in 50% glycerol and 0.25 
M Tris-HCI. pH = 8.0, and about 1.5 mL of 0.5 M EDTA, pH = 8.0, w re added to and mix d with th c II 
suspension. The resulting mixture was incubated on ice for 15 minutes. Three mL of lysing solution 
(prepared by mixing 3 mL of 10% Triton X-100; 75 mL of 0.25 M EDTA; pH = 8.0; and 7 mL of water) were 
5 added to the lysozyme-treated cells with gentle mixing. The resulting solution was Incubated on ice for 
another 1 5 minutes. 

The cellular debris was removed from the solution by centrifugation at 17.000 rpm for about 45 minutes 
at 4*C. Al>out 28.6 g of CsCI and -1 mL of a 5 mg/mL ethidium bromide solution were added to the -30 
mL of supernatant. Then, the volume was adjusted to 40 mL with water and the solution decanted into an 

10 ultracentrifuge tube. The tube was sealed, and the solution was centrlfuged at 49,500 rpm for -18 hours. 
The resulting plasmid band, visualized with ultraviolet light, was isolated, extracted with CsCI-saturated 
isopropanol to remove the ethidium bromide, and dialysed against three changes of -20 volumes of TE 
buffer (10 mM Tris-HCI, pH = 7.5, and 1 mM EDTA). The dialysate was collected; then, two volumes of 
ethanol and 0.05 volumes of 3 M sodium acetate solution were added. The ethanol mixture was cooled to 

75 -20 'C, and the plasmid DNA was pelleted by centrifugation at 10.000 rpm for 30 minutes at -10*C. The 
resulting pellet was resuspended in -1 mL of TE buffer and then extracted with an equal volume of a 
phenohchloroform mixture (1:1, vA^). The DNA in the aqueous phase was recovered by the addition of 0.1 
volume of 3 M NaOAc and 2 volumes of ethanol, followed by incubation at -20 for -30 minutes and 
centrifugation at 15,000 rpm for 20 minutes. The resulting DNA pellet was rinsed first with 70% ethanol and 

20 then with 100% ethanol and dried. 

The -1.5 mg of plasmid pOW390 DNA obtained by this procedure was suspended in 1.5 mL of 0.1 X 
TE buffer and stored at -20 •C. A restriction site and function map of plasmid pOW390 is presented in 
Figure 1 of the accompanying drawings. 

25 Example 2 

Construction of Plasmid pOW392 

A. Construction of Plasmid mOW390 

30 

Identical plasmid constructs can be achieved employing different methods and sources of gene 
sequences. Plasmid mOW390 was constructed by ligating the -0.9 kb Styl -Bam HI restriction fragment of 
plasmid pOW390. prepared as noted in B., below, with Hincll-BamHI-digested, replicative form (RF) Ml 3 
vector, prepared as noted in C, below. The -0.9 kb Styl -Bam HI fragment contains a large portion of the 

35 racemase gene, including the 5' end, but not the 3' end. The Styl end was "filled in" so as to make it blunt- 
ended, rendering the end amenable to ligation with the blunt-ended Hind i end. The plasmid pOW390 clone 
originated from cosmid pOW379. derived from a Streptomyces clavuligerus genomic cosmid library. 
Cosmid pOW379 was identified by hybridization using a "guessmer" DNA probe designed on the basis of 
the ami no-terminal amino acid residue sequence of purified S. clavuligerus racemase and species codon- 

40 usage bias. The desired phage Ml 3 clone can be identified using the "guessmer" prot)e in a plaque 
hybridization procedure or by restriction enzyme analysis. Because of the present invention, however, the 
construction of mOW390 is greatly simplified, primarily because plasmid pOW390 can be used as the 
source of the S. clavuligerus racemase gene. The M13-derived plasmid mOW390 was a useful intermediate 
in the site-specific mutagenesis carried out to create an Ncol restriction enzyme recognition site at the 5' 

45 end of the S. clavuligerus racemase coding sequence. 

B. Isolation of the •^'0-9 kb BamH I- Sty l Restriction 
Fragment from Plasmid pOW390 

50 

Approximately 25 ug of the plasmid pOW390 DNA in 25 ul 0.1X TE buffer, as prepared in Example IB. 
were added to and mixed with 40 ul of 10X Styl buffer (1.0 M NaCI; 500 mM Tris-HCI. pH = 8.0; and 100 
mM MgCb)* 335 ul of glass-distilled wat r. and 5 ul (-50 units) of r striction enzyme St^l. Unless otherwise 
55 noted, restriction enzymes were obtained from New England Biolabs. 32 Tozer Road, B v riy, MA 01915. 
Unit definitions her in correspond to th particular manufactur r's unit definitions. Th resulting reaction was 
incubated at 37 • C for 90 minutes. Th Styl nds were then made blunt ("filled-in") by the m thod of 
Maniatis et aj.. Molecular Cloning : A Laboratory Manual , Cold Spring Harbor Laboratory, 1982. pp. 113-114. 
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The reaction was then extract d with phenol and chloroform, and the Styl-digested plasnnid pOW390 DNA 
was precipitated with 0.3 M NaOAc and ethanol and th n resuspended in 45 ul of IX BamHI buffer (100 
mM NaCI; 10 mM Tris-HCI, pH = 7.5; 10 mM MgCl2). Five ul (-50 units) of restriction enzyme Bam HI were 
added and the mixture incubated at 37 * C for 90 minutes. The reaction was then extracted with phenol and 

5 chloroform, and the Bam HI-Styl (blunt)-digested plasmid pOW390 was precipitated with 0.3 M NaOAc and 
ethanol and then resuspended in 9 ul of H2O. About 1 ul of loading buffer (25% v/v glycerol, 0.05% w/v 
brom phenol blue, and 0.05% xylene cyanol) was added to the solution of DNA, which was then elec- 
trophoresed on a 1% agarose gel until the desired -0.9 kb Bam HI-Styl restriction fragment was clearly 
separated from the other digestion products. 

70 The electrophoresed DNA was visualized by staining the gel in a dilute solution (0.5 ug/ml) of ethidium 
bromide and exposing the stained gel to long-wave UV light. After the fragments were located, a small slit 
was made in the gel in front of the -0.9 kb fragment, and a piece of Schleicher and Schuell (Keene. NH 
03431) DEAE membrane was placed in the slit. Upon further electrophoresis, the DNA non-covalently bound 
to the DEAE membrane. After the desired fragment was bound to the DEAE membrane, the membrane was 

15 removed and rinsed with low salt buffer (100 mM NaCI; 0.1 mM EDTA; and 20 mM Tris-HCI, pH = 8). Next, 
the membrane was placed in a small tube and immersed in high salt buffer (1 M NaCI; 0.1 mM EDTA; and 
20 mM Tris-HCI, pH = 8) and then incubated at 65*C for 10 minutes to remove the DNA from the DEAE 
paper. After the 65 'C incubation, the incubation buffer was collected, and the membrane was rinsed with 
high salt buffer. The rinse solution was pooled with the incubation buffer before collecting the desired DNA 

20 fragments. 

The volume of the high salt-DNA solution was adjusted so that the NaCI concentration was 0.25 M. and 
then three volumes of cold, absolute ethanol were added to the solution. The resulting solution was mixed 
and placed on ice for 10-20 minutes. The solution was then centrlfuged at 15,000 rpm for 15 minutes. After 
another precipitation to remove residual salt, the DNA pellet was rinsed with 70% ethanol, dried, resuspen- 
25 ded in 20 ul of TE buffer, and constituted the desired restriction fragment. About 0.2 ug of the -0.9 kb 
fragment was obtained. 

C. Preparation of BamHI -Hinc I I -Digested Vector 
30 M13mpl8 RF DNA and Construction of Plasmid mOW390 



About 2.5 ug of M13mp18 RF DNA (available from New England Biolabs (NEB)) were digested in 100 
Ul of Bam HI buffer with 1 ul ("-20 units) of restriction enzyme Bam HI for 90 minutes at 37 'C. The reaction 
35 mixture was extracted with phenol :chloroform and the DNA. in the aqueous phase, concentrated by ethanol 
precipitation. 

The Bam HI-digested M13mp18 was resuspended in 100 ul Hind i buffer (10 mM Tris-HCI, pH = 7.4, 7 
mM MgCI, and 1 mM DTT) with 1 ul (-10 units) of restriction enzyme Hind i for 90 minutes at 37 ^C. The 
reaction was extracted and precipitated as above and resuspended in 20 ul 0.1 X TE buffer and constituted 

40 -2 ug of the desired Bam Hi- Hinc ll digested vector. The other BamHI-Hincll fragment was only --10 bp and 
was not precipitated. It did not interfere with the ligation. 

Two ul of the -0.9 kb Bam HI-Styl restriction fragment of plasmid pOW390 from B.. above, and 1 ul of 
Bam HI -Hinc il-digested vector M13mp18 were ligated in a 20 ul reaction containing the DNA fragments, 2 ul 
of 10X llgase buffer (0.5 M Tris-HCI. pH 7.5. and 100 mM MgCb). 2 ul of 5 mM ATP. 1 ul of 6 ug/ul BSA. 

45 12 ul of glass-distilled water, and 1 ul (1 Weiss unit) of T4 DNA ligase (NEB). The "filled-in" Styl ends were 
ligatable with the Hind i blunt ends. The reaction was incubated -18 hours at 15 'C. The ligated DNA 
constituted the desired plasmid mOW390 along with other ligation products. 

Competent E. coli K12 JM109 ("Epicurean Coli™") were purchased from Stratagene (3770 Tansy 
Street. San Diego, CA 92121) and transformed with a ligation reaction mixture constituting plasmid 

50 mOW390 in substantial accordance with the manufacturer's directions, except that the DNA was In a 
volume of 20 ul and no dilution into medium or expression time was necessary. Post-transformation, the 
cells w re distributed in -1, 10. 20, 40 and 50 ul samples to 13 X 100 mm sterile glass tubes containing 
0.25 mlTtub E, coli K12 JM109 in logarithmic growth phas . To these tubes were added 3 mL of top agar 
(L broth with 0.8% agar kept molten at 45 • C). The cell-top agar mixture was then plated on L-agar plates 

65 containing 40 ug/mL 5-bromo-4-chloro-3-indolyl-j8-D-galactoside (X-gal) and 0.1 M isopropylthio-/J-galac- 
tosid (IPTG). and the plat s wer incubated at 37 *C overnight. (For more detailed descriptions and 
explanations of M13 procedures, see Ml 3 Cloning/Dideoxy Sequencing Instrudion Manual . Bethesda 
Research Laboratories (BRL), Lif Technologies, Inc.. Gaithersburg. MD 20877.) Transformants are id n- 
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tified by insertional inactivation of i3-galactosidase activity (colorless plaque phenotype) and r striction 
nzyme analysis of replicatlve form (RF) DNA. For screening purposes, cl ar plaques ar plugged from the 
plate overlay with a Pasteur pipette into 3 mL per plaque of early logarithmic growth phase E. coji K12 
JM109. Cultures are incubated from 6 to 18 hours at 37*C with aeration. 

6 Following this incubation. 1.5 mL of each culture are pelleted in separate 1.5 mL Eppendorf tubes. The 
supernatants are decanted into fresh tubes and stored at 4^C to serve as a source of phage inoculum. 
Replicatlve form DNA is prepared from the cell pellets in substantial accordance with the teaching of the 
alkaline plasmid preparation procedure of Birnboim and Doly, 1979. Nuc. Acid Res. 7(6): 1513-1523» with 
the following exceptions. The procedure is scaled up such that 1.5X volumes of Solutions I, II, and III are 

10 used, and the cleared lysate is extracted once with an equal volume of CHCI3. The DNA is then precipitated 
by the addition of 0.4 volumes of isopropanol and incubation at room temperature for 20 minutes. The DNA 
is collected by centrifugation and then precipitated with ethanol out of 0.3 M NaOAc. The DNA isolated from 
individual plaques was analyzed for the presence of an insert by Eco RI-Hindlll restriction enzyme digestion. 
The orientation of the fragment was pre-determined by the compatible ends (BamHI-BamHI. "filled-in" Sty l- 

75 Hindi). By this method, E. coji K12 JM109/mOW390 cells were identified; these cells were then used as a 
source of plasmid mOW390 for the site-specific mutagenesis, as described below. 

D. Preparation of Single-Stranded Plasmid mOW390 DNA and Site*Specific Mutagenesis to Construct 
Plasmid mOW391 

20 

A 10 mL culture of early logarithmic growth phase E. coli K12 JM109 was inoculated with -^200 ul of 
phage stock (prepared in Example 2C) and incubated -18 hours at 37*C with aeration. The culture was 
centrifuged and the resulting supernatant transferred to a new tube and recentrifuged. The supernatant was 
again decanted to a fresh tube. One mL of a solution of 25% polyethylene glycol (molecular weight s 3,350) 

25 in 3 M NaCI was added to the supernatant, which was then incubated for 15 minutes at room temperature. 
The resulting mixture was centrifuged for 30 minutes at 10,000 rpm. The pellet obtained by the centrifuga- 
tion contained the single-stranded plasmid mOW390 and was resuspended in 400 u! of TE buffer. The 
solution was extracted first with CHCI3 and then with TE-saturated phenol. The phenol was allowed to stay 
in contact with the aqueous phase for 15 minutes. The solution was then extracted twice with a mixture of 

30 TE-saturated phenohCHCIs (1:1, v/v), and twice with CHCI3 alone. The DNA was then precipitated out of 0.3 
M NaOAc, collected by centrifugation, and the resulting pellet resuspended in 100 ul of 0.1X TE buffer. 
This solution constituted -5 ug of single-stranded plasmid mOW390 DNA. 

E. Mutagenesis 

35 

The single-stranded DNA fragments used In the mutagenesis (and subsequent hybridizations to detect 
desired phages) were synthesized on an automated DNA synthesizer, with the exception of the Ml 3 
universal primer (a 15-mer), which was purchased from BRL The mutagenesis fragments were designated 
as follows: (1) RACEATG, a single-stranded DNA 40 nucleotides in length that is homologous to the 
40 racemase coding sequence in plasmid mOW390 except for 1 base, the mismatch (underlined) of which will 
create a restriction enzyme Ncol recognition sequence at about position 1 of the racemase coding 
sequence, with the DNA sequence: 

Ncol 

^ 5 • -GCGGGAGATGCGTTTGCCATGGCGGTAGCCGACTGGGAAG-3 ' 

(2) RACE-17, a single-stranded DNA 17 nucleotides in length that is merely a subfragment of RACEATG 
with the DNA sequence: 

50 

Nco l 

5 ' -TGCGTTTGCCATGGCGG-3' 



55 Th 5' ends of about 100 pmols of RACEATG were phosphorylated (kinased) in a reaction mixture 
containing single-stranded DNA at a concentration of 1 pmol/ul, 10 ii\ of 10X ligase buffer, 10 ii\ 0.1 mM 
adenosine triphosphat (ATP), 10 ul of 0.1 M DTT, 65 ul of glass-distilled wat r, and 1 ul (10 Richardson 
units) of T4 polynucleotide kinas (Boehringer-Mannheim Blochemicals. (BMB) 7941 Castleway Drive, P.O. 
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Box 50816, Indianapolis, Indiana 46250). The reaction mixture was incubat d at 37*C for 30 minutes, at 
which tim an additional 1 ul of nzyme was added. The r action mixtur was then Incubated for another 
30 minutes at 37*C and then quenched by Incubation at 68 'C for 5 minutes. The 5' ends of about 40 
pmols of Ml 3 universal primer were kinased In an analogous 40 ul of reaction mixture containing the same 
5 amount of enzyme. 

The single-stranded plasmid mOW390 DNA was mutagenized In substantial accordance with the 
teaching of Adelman et al., 1983, DNA 2(3): 183-193 as described below. The annealing reaction was 
carried out by adding -500 nanograms fin 15 ul of 0.1X TE buffer) of single-stranded plasmid mOW390 
DNA to 8 ul of 10X annealing buffer (100 mM TrIs-HCI, pH = 7.5; 1 mM EDTA; and 500 mM NaCI). 4 ul (4 

10 pmols) of kinased RACEATG, 4 ul (4 pmols) of kinased Ml 3 universal sequencing primer, and 50 ut of 
water, incubating the mixture at 80* C for 2 minutes, then at 55 'C for 5 minutes, and finally at room 
temperature for 5 minutes. 

The extension reaction was carried out by adding 120 ul of the following mixture to the solution of 
annealed DNA: 20 ul 10X Klenow-ligase buffer (100 mM TrIs-HCI. pH = 7.5; 1 mM EDTA; and 500 mM 

75 NaCI). 20 ul of 0.1 M DTT; 20 ul of a solution 6.25 mM In each of dGTP. dATP, TTP. and dCTP; 20 ul of 5 
mM ATP; 120 ul of water; 3 u) (3 Weiss units, BMB) ligase, and 2.5 ul (12.5 units) of Klenow enzyme 
(BMB). The extension reaction mixture was Incubated at room temperature for 1 hour, then at 37*C for 4 
hours, and finally at 14' C for -18 hours. 

The extension reaction mixture was extracted once with CHCb and the DNA precipitated with ethanol 

20 and NaOAc and collected by centrlfugatlon. The DNA pellet was resuspended In 400 ul IX SI buffer (0.3 M 
NaCI and 3 mM Zn{0Ac)2). Half the DNA solution was held In reserve at -20 'C; half was aliquoted to five 
1.5 mL tubes. To four of these tubes was added 1 ul of SI nuclease (BMB) that had been diluted to 200 
30-mlnute units per ul. The reactions were Incubated at room temperature for 5, 10, 15. and 20 minutes, 
respectively. The reactions were stopped by first adding 5-10 ug of tRNA to the reaction mixture to serve 

25 as carrier, then extracting with a TE-saturated phenol-CHCb mixture (1:1. v/v). The sample that was not 
treated with SI (the negative control) was also extracted. The DNA in the aqueous phase was concentrated 
by ethanol precipitation and collected by centrlfugatlon. The DNA pellets were each resuspended in 20 ul 
water. 

Ten ul of each of the resulting SI -treated DNA solutions were used to transform E. coli K12 JM109 In 
30 substantial accordance with the procedure described in Example 2B. except that the plates did not contain 
either X-Gal or IPTG. Desired mutants were identified by hybridization of radiolabelled oligonucleotide 
RACE-17 to plasmid DNA blotted onto nitrocellulose filters as described below. 

After plaque formation, the plates were Incubated at 4*C for -1 hour to harden the top agar. 
Nitrocellulose filters were placed on top of the lawn of each of two plates, containing -50-200 plaques, from 
35 each of the negative control, the 10 minute SI -treated series, and the 20 minute SI -treated series. Contact 
between the filter and the surface of the lawn was maintained for -1 minute, at which time the nitrocellulose 
filter was treated, by using saturated 3MMChr filter papers (Whatman Labsales, Inc.. P.O. Box 1359, 
Hlllsboro, Oregon 97123-1359). with 0.1 N NaOH-1.5 M NaCI for -5 minutes, then 0.5 M Tris-HCI(pH = 
7.0)-3 M NaCI for -5 minutes. The nitrocellulose filters were air-dried and then baked in vacuo at 80 * C for 
40 30 minutes. 

The nitrocellulose filters were prehybrldlzed for -5 minutes at room temperature In a solution of 6X SSC 
(20X SSC Is 3 M NaCI and 0.3 M sodium citrate). 10X Denhardfs solution (0.2 g of polyvinylpyrollldone). 
0.2 g of bovine seaim albumin, and 0.2 g of Rcoll per 100 mL of water), 0.1% NaPPI. 0.1% SDS. and 10 
ug/mL of denatured E. coll chromosomal DNA. The filters were then hybridized In a solution of 6X SSC, 

45 10X DenhardVs solution, 0.1% NaPPI, and 1 pmol/5 mL of 32p-RACE-17. The ^P-RACE-17 was prepared 
by phosphorylating the 5' ends of 100 pmols of RACE-17 in substantial accordance with the procedure 
described earlier in this example, except that -70 pmol of y-^^p-atP (New England Nuclear (NEN), 549 
Albany Street. Boston, MA. 02118, Catalog # NEG-002A) were used instead of non-radioactive ATP. After 
hybridization, the filters were rinsed twice for 5 minutes per wash In excess 6X SSC at room temperature. 

50 then at 52*C In excess 6X SSC for 20 minutes per wash. The filters were air-dried and autoradiographed 
for 2 hours at -70 'C with a Quanta 111® Intensifying screen (DuPont, Instrument Products, Biomedical 
Division, Newtown, CN 06470). Desired mutants, those containing sequences complem ntary to the 
sequence of RACE-17, exposed the film due to binding of the radiolabelled oligomer by the plasmid DNA 
bound to th filt r. The Identity of a correct mutant, designated plasmid mOW391. was confirmed by 

55 r strlctlon analysis of its RF DNA, which was prepared in substantial accordance with the procedure 
describ d in Example 2C. 
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F. Final Construction of Plasmid pOW392 

The RF DNA of plasmid mOW391 contains the racennase coding sequence on the Nco i- Bam HI 
restriction fragment utilized in the construction of the E. coli expression plasmid pOW392. 

5 Repllcative form DNA from plasmid mOW391 -infected E. coli K12 JM109 was isolated in substantial 
accordance with the procedure described in Example 2C. About 10 ug of the RF DNA of plasmid mOW391 
DNA were digested with restriction enzyme Bam HI (-10 units) and Ncol (-10 units) in a reaction containing 
the DNA in IX React®3 buffer (500 mM Tris-HCI. pH = 8.0. 100 mM MgCb, 1 M NaCI; Bethesda Research 
Laboratories. P.O. Box 6009» Gaithersburg, MD 20877). After incubation for -90 minutes at 37 'C, the 

10 reaction mixture was subjected to agarose gel electrophoresis, and the -0.9 kb BamHl-NcoI fragment was 
isolated in substantial accordance with Example 2B. 

Plasmid pCZRIII is available in E. coli K12 JM109 from the NRRL under accession number B-18249 
(date of deposit: August 11, 1987). It can be isolated in substantial accordance with Example 1 except that 
15 ug/ml tetracycline is included in the culture medium rather than 100 ng/ml ampicillin. A restriction site 

15 and function map of pCZR1 1 1 is presented in Rgure 2. 

The vector was generated by digesting plasmid pCZR1 1 1 with Xba l and Bam HI. About 1 ul of Xba l 
(-10 units) is added to 10 ul plasmid pCZRIII (-10 ug) and 5 ul 10X Xbal buffer (500 mM Tris-HCI, 
pH = 8.0, 100 mM MgCb, and 500 mM NaCI). After incubation at 37*C for 90 minutes. 0.5 ul of 5 M NaCI 
and 1 ul Bam HI (-10 units) is added and the incubation continued at 37*C for an additional 90 minutes. 

20 The reaction mixture is then subjected to agarose gel electrophoresis, and the -5.75 kb Xbal -Bam HI vector 
fragment is isolated in substantial accordance with Example 2B. 

An intermediate plasmid can be created by ligating the -0.9 kb Bam HI- Nco l fragment from mOW391 . 
the -5.75 kb Xba l -Bam HI vector fragment from pCZRIH and a double-stranded Xba l -Nco l restriction 
fragment synthesized by the phosphotriester method to yield the -6.7 kb intermediate plasmid. The double 

25 stranded DNA fragment has the following sequence: 

5 • 'CTAGAGGGTATTAATAATGTATATOATTTTAATAAGGAGGAATAATCC-3 * 

NMIIIIIIIIIIIIIIIIIIillllMllililllllllllll 

3 • -TCCCATAATTATTACATATAACTAAAATTATTCCTCCTTATTAGGGTAC-5 * 

30 

The ligation mixture is transformed into E. coji K12 JM109 in substantial accordance with Example 2C, 
and plasmid DNA isolated from transform ants is analyzed by restriction enzyme digestion to confirm the 
presence of the correct inserts. 

35 To complete the expression vector, an -2 kb Bam HI fragment was isolated from plasmid pOW390 in 
substantial accordance with Example 2B. This -2 kb Bam HI fragment comprises the 3' coding region of the 
racemase gene. The completed vector, therefore, contains the entire coding region of the racemase gene. 

The -2 kb Bam HI fragment (2.5 ul, -0.5 ug) was ligated to the intermediate vector plasmid digested 
with Bam HI in substantial accordance with the procedure described in Example 2C to form desired plasmid 

40 pOW392. A restriction site and function map is provided in Rgure 3 of the drawings. 

The ligation reaction constituting the desired plasmid pOW392 was transformed into competent E. coli 
K12 RR1AM15 (NRRL B-15440, date of deposit: May 27, 1983). Aliquots of the transformation mixture were 
plated on L-agar plates containing tetracycline (15 ug/mL). The plates were incubated at 37* C for -18 
hours. Tetracycline-resistant transformants were further screened by restriction enzyme analysis of their 

45 plasmid DNA to identify the desired plasmid pOW392 transfomnants. Plasmid DNA was prepared from 3 mL 
cultures in substantial accordance with the Bimboim and Doly procedure described above for preparing RF 
DNA from phage M13-infected E. coli K12 JM109 cell pellets. Plasmid pOW392 DNA from one transformant 
was prepared in substantia! accordance with the procedure described in Example 1 for use in subsequent 
constructions. The plasmid was then transformed into E. coli K12 JM109 purchased from Strategene. 

50 
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Example 3 



Assay of E. coli-produced Racemase Activity 

A, Culture of E» coli K12 JM109/pOW392 for Expression of 
Racemase Activity 



An E. coli K12 JM109/pOW392 transformant was grown at 30 overnight In 500 ml of L broth 
(containing 15 ug/ml of tetracycline) in a gyratory incubator. The celts were diluted 1:10 by adding 100 ml 
of the overnight culture to 900 ml of fresh medium containing 15 ug/ml tetracycline in a 2,8 L Fernbach 
15 flask and incubated a further hour at 30'C under the same growth conditions. The temperature of the air 
shaker was then raised to 42 ♦C and incubation continued for an additional 6.5 hours. The cl857 
temperature-sensitive repressor of the lambda pL promoter, positioned to drive racemase expression on 
plasmid pOW392. is Inactivated at 42*C and so allows for expression of racemase. After Induction, the cells 
were harvested by centrifugation and used as a preferred source of E. coli-produced racemase activity. 



Demonstration of Isopenicillin N Epimerase 
(Racemase) Activity in the E. coli K12 
JM109/POW392 Cells Grown at 42 ''C 



Five grams of the induced, pelleted E. coli were mixed with 10 ml of Breaking Buffer (10 mM sodium 
pyrophosphate-HCI, pH=8.0 in 5 M urea, 20% glycerol, and 0.1 mM dithiothreitol (DTT)). If the amount of 
cells after centrifugation was less than 5 gm, the ratio of cells to buffer was maintained. 

30 The cell suspension was then cooled to 2 • C in an ice-ethanol bath and was sonicated at full power for 
20 seconds. The cooling and sonicating was repeated three times. 

Cell debris was removed by centrifugation at 47,000 x g for 20 minutes at 4*C. The supernatant was 
then filtered through glass wool with the filtrate being the crude enzyme. 

The enzyme catalyzes the conversion of isopenicillin N to penicillin N and vice-versa, creating an 

35 equilibrium state between the two molecules. Therefore, the activity was measured in two ways, once using 
isopenicillin N as the initial substrate, and once using penicillin N as the starting material. Total protein was 
measured by the method of Lowry et al., J. Biol. Chem. 193, 265 (1951). Cell extract was mixed with 1.4 
mM isopenicillin N or penicillin N, 0.2 mM dithiothreitol. 0.1 mM pyridoxal 5'-phosphate (as measured by 
the hydrazine method (Wada, H. and Snetl, E.. J. Biol. Chem. 236, 2089 (1961)), 50 mM pyrophosphate- 

40 HCI. pH~8.3 in a final volume of 0.5 ml. The reaction mixture was then incubated at 37*C for 20 minutes. 
The reaction was terminated by boiling for 10 minutes. It was then put through a 0.45 um filter. 

Penicillin N and Isopenicillin N are difficult to separate by HPLC. The compounds must be derivatized 
with o-phthaldialdehyde according to the method of Aswad, D.W., Anal. Biochem. 137, 405 (1984) and 
Usher, J., Lewis, M., and Hughes. D.W., Anal. Biochem. 149, 105 (1985). Twenty ul of the filtrate were 

45 mixed with 5 ul of the derivatizing solution (4 mg o-phthaldialdehyde (Sigma Chemical Co., P.O. Box 14508. 
St. Louis, MO 63178) dissolved in 300 ul methanol, 250 ul 0.4 M sodium borate, pH = 9.4. 390 ul H2O and 
60 ul 1 M N-acetyl-L-cysteine, adjusted to pH 5-6 with NaOH). The reaction was allowed to proceed for 2 
minutes at room temperature before termination with 200 ul 50 mM sodium acetate, pH = 5.0. Rfty ul 
aliquots were analyzed by HPLC using a flow rate of 1 ml/min and measurement of fluorescence at 360 nm. 

50 When isopenicillin N was included In the mixtures the cell extracts expressing the racemase activity 
converted a portion of isopenicillin N to penicillin N. Likewise, penicillin N was converted to isopenicillin N in 
th presence of these cell extracts. No conversion was seen when the cell extract was not added to the mix. 
In addition, antibody to the purified racemase enzyme reacted with an -50,000 dalton band on a Western 
blot. Taken together, these results indicate that the gene cloned results in a protein which has rac mase 

55 activity and is the same size as th purifi d racemase enzyme. 
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Example 4 

Construction of Plasfnid pPSJ78 

5 This example sets forth a construction protocol for plasmid pPSJ78, a racemase expression vector of 
the invention that contains the promoter of the Penicillium IPNS gene positioned to drive expression of the 
racemase coding sequence of the invention. The promoter of the Penicillium IPNS gene can be isolated 
from plasmid pLC2. available from the American Type Culture Collection (Rockville, MD 20852) under 
accession number ATCC 53334 (date of deposit: November 20, 1985). A restriction site and function map of 

10 plasmid PLC2 is presented in Rgure 6 of the accompanying drawings. 

A. Construction of Intermediate Plasmid pPSJ77 

Plasmid pOW392 (as constructed in Example 2) is isolated in substantial accordance with Example 1 
15 except that the growth medium contains 15 ug/ml tetracycline instead of 100 ug/ml ampicillin. Approxi- 
mately 25 ug of the plasmid pOW392 DNA in 25 ul 0.1 X TE buffer is added to and mixed with 10 ul of 10 
X REact™3 buffer (BRL). 60 ul of H2O and 5 ul (-50 units) of restriction enzyme EcoRI. The resulting 
reaction is incubated at 37* C for 90 minutes. About 10 ul (-100 units) of restriction enzyme Nco i is then 
added to the mixture and the reaction is further Incubated at 37 *C for 3 minutes. The reaction is then 
20 extracted once with phenol, once with phenol-chloroform (1 :1 phenol :chloroform; chloroform is actually 23:1 
chloroform :isoamyl alcohol), and once with chloroform. The EcoRI-digested Nco l-partially digested plasmid 
pOW392 is precipitated with 1/1 0th volume 2.5 M NaOAc (pH-5.2) and 2 volumes ethanol. The mixture is 
chilled to -20 'C for 20 minutes, then pelleted in an Eppendorf Centrifuge for 10 minutes. The DNA is 
resuspended in 18 ul of H2O. About 2 ul of loading buffer (25% v/v glycerol, 0.05% w/v bromphenol blue. 
25 and 0.05% xylene cyanol) is added to the solution of DNA, which is then electrophoresed on a 1 % agarose 
gel until the desired -7.9 kb EcoRI-Ncol restriction fragment is clearly separated from the other digestion 
products. 

The -7.9 kb band Is visualized and isolated from the gel in substantial accordance with Example 2B. 
Plasmid pLC2, available from the ATCC under accession number 53334 (date of deposit: November 20, 
30 1985), is isolated in substantial accordance with Example 1. The plasmid is also digested with Eco RI and 
Ncol. An -925 bp Eco RI -Nco l restriction fragment is isolated from among the resulting digestion products. 
The -925 bp Eco RI- Nco l fragment comprises the IPNS promoter from Penicillium . When this fragment is 
ligated to the -7.9 kb Eco RI- Nco l fragment from plasmid pOW392 in substantial accordance with Example 
2C. the resulting plasmid pPSJ77 comprises the Penicillium IPNS promoter positioned to drive expression 
35 of the racemase gene. 

B. Construction of Intermediate Plasmid pPS51 

About 15 ug of plasmid pMLC12 DNA (NRRL B-18097 (date of deposit: August 8, 1986) and Rgure 9) 

40 were dissolved in 5 ul of 10X Eco RI buffer and 40 ul of water. The plasmid can be isolated in accordance 
with Example 1 except that the growth medium contains 25 ug/ml chloramphenicol instead of 100 ug/ml 
ampicillin. About 5 ul (-50 units) of restriction enzyme EcoRI were added to the solution of DNA, and the 
resulting reaction was incubated at 37 *C for 3 minutes to produce a partial digestion. The reaction was 
terminated by extraction with buffered phenol, which was followed by extraction with chloroform. Plasmid 

45 pMLC12 contains two EcoRI restriction sites, the E. coli lacZa fragment and a chloramphenicol resistance 
gene (CAT). The desired partial cleavage of the Eco RI site was to occur within the lacZa fragment and not 
within the CAT gene. This EcoRI digestion produced a mixture of plasmid pMLC12 DNA molecules: uncut; 
cut at the undesired location; cut at the desired location; and cut at both locations, producing fragments 
smaller than the full-length -2.7 kb molecules. The EcoRI-digested plasmid pMLC12 DNA was precipitated, 

60 collected by centrifugation. dissolved in 50 ul of TE buffer, and loaded onto a 0.8% preparative agarose gel. 
The full length linear mol cules (i.e.. -2.7 kb) were isolated. 

The partially EcoRI-digested plasmid pMLC12 DNA was dissolved in 5 ul of 10X Sail buffer and 40 ul 
of water. About 5 ul (-50 units) of restriction enzyme Sail were added to the EcoRI-linearized plasmid 
pMLC12 DNA, and th resulting r action was incubated at 37'C for two hours. The unique Sail r striction 

55 site in plasmid pMLC12 is located 24 base pairs from the EcoRI site within the lacZa fragment of plasmid 
pMLC12. Thus, compi te Sail digestion of th partially EcoRI-digested plasmid pMLC12 DNA produced four 
DNA fragments: one -2.7 kb, the d sir d molecule; on -24 bp in length; on -0.6 kb; and one -1.9 kb. 
The DNA molecules wer size-fractionated on a 0.8% agarose gel. The nearly full-length. -2.7 kb lin ar 
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molecules were isolated. 

The acetamidase gene of Aspergillus nidulans can be isolated on an -5.0 kb EcoRI-Sall restriction 
fragment of plasmid P3SR2 (Rgure 10 and NRRL B-18182, date of deposit: February 26, 1987). About 10 
ug of plasmid p3SR2 were dissolved In 5 ul of 10X EcoRI buffer and 40 ul of water. Atout 5 ill (-50 units) 

6 of restriction enzyme EcoRI were added to the solution of DNA, and the resulting reaction was incubated at 
37 for two hours. The reaction was tenminated by extraction with buffered phenol, which was followed by 
extraction with chloroform. The EcoRI-dlgested p3SR2 plasmid DNA was precipitated, collected by 
centrifugation, and resuspended in 5 ul of 10X Sail buffer and 40 ul of water. About 5 ul (-50 units) of 
restriction enzyme Sail were added to the solution of DNA. and the resulting reaction was Incubated at 

10 37 • C for two hours. The two DNA fragments generated in these digestions were size-fractionated on a 
0.8% preparative agarose gel. One -4.3 kb fragment comprised pBR322 DNA and the other -5.0 kb 
fragment comprised the acetamidase (amdS) gene from Aspergillus nidulans . The amd S gene functions as 
a selectable marker in Penicillium and other strains. The gene enables growth on acetamide-contalning 
media. The -5.0 kb Eco RI-Sall fragment was isolated. About 3 ug of the -5.0 kb Eco RI-Sall fragment were 

75 recovered and suspended in 5 ul of water. 

One ul of the EcoRI-Sall-digested plasmid pMLC12 DNA was added to about 4 ul of the -5.0 kb 
EcoRI-Sall restriction fragment of plasmid p3SR2, together with 2 ul of 10X ligase buffer, 2 ul of T4 DNA 
llgase, and 11 ul of water. The resulting ligation reaction was incubated at 15*C overnight. The llgated DNA 
constituted the desired plasmid pPS51 and other related ligation products. 

20 This ligation mixture was used to transform E. coli K12 C600 (ATCC 33524). Aliquots of the transformed 
cell mixture were plated on L-agar plates containing 25 ug/ml of chloramphenicol. The plates were 
incubated at 37 overnight. Colonies that contained a plasmid without an Insert, such as E. coli K12 
C600/pMLC12 were distinguished from colonies that contained a plasmid with an insert, such as E. coli K12 
C600/pPS51, by restriction analysis. A colony was identified that contained a plasmid with an insert. 

26 Plasmid DNA from this colony was screened for the presence of the -5.0 kb EcoRI-Sa[l restriction fragment 
containing the Aspergillus nidulans amd S gene and had the correct structure for the desired plasmid 
pPS51. A large scale plasmid preparation of plasmid pPSSI was made in substantial accordance with the 
teaching in Example 1. A restriction site and function map of plasmid pPS51 is presented In Figure 8 of the 
accompanying drawings. 

30 

C. Rnal Construction of Plasmid pPSJ78 

The amd S gene is then isolated on an -5.65 kb Eco RI fragment from pPS51 and inserted into pPSJ77 
{from Example 4) to provide a selectable marker for use in Penicillium and other organisms. A transformant 

35 containing plasmid pPS51 Is isolated In substantial accordance with Example 1 except that 25 ug/ml 
chloramphenicol is included in the growth medium rather than 100 ug/ml ampicillin. At>out 25 ug of plasmid 
pPSSI Is digested with -50 units of restriction enzyme EcoRI and the resulting -5.65 kb EcoRI fragment is 
isolated in substantial accordance with Example 2B. 

A single transformant containing plasmid pPSJ77 (as constructed in Example 4A) is grown up and 

40 plasmid is isolated in substantial accordance with Example 1 except that 15 ug/ml tetracycline Is included 
in the growth medium rather than 100 ug/ml ampicillin. About 25 ug of plasmid pPSJ77 (-25 ul) is mixed 
with 10 ul of 10 X REact™ 3 buffer (BRL)) 60 ul of hfeO, and 5 ul of restriction enzyme EcoRI (-50 units). 
The reaction is incubated at 37 'C for 90 minutes, then sequentially extracted with phenol, phe- 
nohchloroform, and chloroform. 

45 The -5.65 kb EcoRI fragment from plasmid pPS51 comprising the Aspergillus nidulans amdS gene is 
mixed with Eco RI digested pPSJ77 and llgated and transformed into JM109 in substantial accordance with 
Example 4A. The transformants are selected on plates containing 15 ug/ml tetracycline. The resulting 
plasmid is entitled pPSJ78. A restriction site and function map of pPSJ78 is presented in Rgure 5 of the 
accompanying drawings. The opposite orientation of the -5.65 kb EcoRI fragment comprising the amd S 

50 gene would work equally as well and is within the scope of the invention. The orientation of the fragment 
can be d termlned by restriction analysis with Sail (see Rgure 5). The plasmid comprising th amdS gene- 
containing fragment in the opposit ori ntation is entitled pPSJ78A. A protocol for transforming Penicillium 
with vectors of the invention is set forth in Example 5. 

55 
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Example 5 

Genetic Transformation of Penicillium 

5 " 

A. Penicillium chrysoqenum Strains 



A Penicillium strain for transformation is obtained from the American Type Culture Collection, Rockville, 
MD 20852, under the accession number ATCC 9480. Other Penicillium chrysogenum strains or any 
commercial strains derived from ATCC 9480 by mutation, selection, or genetic breeding for the purpose of 
Improved production of penicillin G or penicillin V are also suitable for use in preparing transformants with 
75 the vectors and plasmids of the present invention. 

B. Preparation of Uniform Inoculum for Cell Culture 

To transform Penicillium chrysogenum cells efficiently, it is necessary to remove the cell walls to form 
20 stable protoplasts. In the preparation of such protoplasts it is advantageous to begin with a uniform 
inoculum. Otherwise, preparation of cells in culture is not reproducible and time is lost by attempts to 
prepare P. chrysogenum protoplasts from unsuitable or inadequate amounts of cells. 

An ampoule of vegetative cells (-10^ colony forming units in 1.0 ml of preservation menstruum: 5% 
lactose, 10% glycerol, and 0.1% Tween 80), either lyophilized or taken from liquid nitrogen storage and 
25 thawed at room temperature, are diluted in 1 .0 mi of sterile saline. About 0.1 ml of this suspension is used 
to inoculate each of approximately 20 slants of sporulation medium: Lactose, 15.0 g/L; corn steep liquor. 2.5 
g/L; peptone, 5.0 g/L; NaCI, 4.0 g/L; MgSO4»7H20, 0.5 g/L; KH2PO4, 0.6 g/L; FeCl3^6H20. 0.005 g/L; 
CuS04«5H20, 0.002 g/L; adjust to pH = 7.0; agar, 30.0 g/L; and autoclave 20 minutes at 120 psi. 

Each slant [15 cm x 2.5 cm] contains 25 ml of solidified medium. Inoculum, spread evenly over the 
30 surface of the agar slant, is allowed to grow at 25 * C until a confluent lawn of mycelium is present and 
sporulated (1 week for most strains). The growth from 1 slant is suspended in 10 ml of sterile aqueous 
culture medium, and the suspension is transferred to 106 ml of aqueous culture medium. The flask 
containing the suspended cells is placed on a gyratory shaker and incubated at 25'C for 18 hours at 285 
rpm with a 1 inch throw. 

35 Aqueous culture medium was prepared as follows: 100 ml of solution A (Sucrose, 36 g/L; L-asparagine, 
7.5 g/L; KH2PO4. 15 g/L; KgHPO*. 21 g/L; NaSO*. 0.75 g/L. MgS04»7H20, 0.18 g/L; CaCb. 0.06 g/L; salts 
solution. 1 ml/L; and natural pH) are dispensed into a 500 ml shake flask; the flask is covered with a 
commercial closure and autoclaved at 121 •C for 20 minutes. Two ml of solution B (Glucose, 108 g/L) and 4 
ml of solution C (Sucrose. 25 g/L; corn steep liquor (4% w/v nitrogen), 12.5 ml; ammonium acetate, 5.5 g/L; 

40 CaCOa. 5 g/L; pH adjusted to 6.5 with KOH; and autoclaved at 121 'C for 20 minutes) are then added to 
solution A to prepare the aqueous culture medium. 

C. Preparation of Penicillium protoplasts 

45 ~ 

Cells from a 24 hour culture are harvested by suction filtration (Whatman #1 paper in a Buchner funnel) 
and suspended in buffer (0.01 M Tris(hydroxymethyl)aminomethane hydrochloride; 0.01 M MgS04; 0.01 M 
dithiothreitol; 1.00 M KCI; and pH = 7.0 with HGI). Sufficient buffer is added to obtain a final cell 

50 concentration of 1 g of cell mass per 50 ml of buffer. The cell suspension is placed on a gyratory water 
bath shaker in a 250 ml shake flask and incubated at 29-30 *C for 10 minutes at 140 rpm with a 1 inch 
throw. Dithiothreitol-treated cells are collected by centrifugation and then resuspended in 50 ml of enzyme 
solution (10 mg/ml Novozym, Novo industri A/B Bagsvaerd. Denmark; 0.01 M Tris(hydroxymethyl)- 
aminom than hydrochloride; 0.01 M MgS04; 0.01 M dithiothreitol; 1.00 M KCI; and pH = 5.8 with HCI) in a 

55 250 ml shake flask. This cell suspension is placed on a gyratory water-bath shaker and incubat d at 29- 
30 'C for 15 minutes at 140 rpm with a 1 Inch throw. Enzyme-treated cells are centrifuged at 1240Xg for 6 
min, and the r suiting p Met is r suspended in buffer (0.01 M Tris(hydroxymethyl)aminomethane hydrochlo- 
ride; 0.01 M MgS04; 1.00 M KCI; and pH = 7.0 with HCI). The suspension is first centrifuged at 950Xg for 6 
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minutes. The resulting pellet is resuspended in the same buffer, and the suspension is c ntrifuged at 700Xg 
for 6 minutes. Th resulting p llet is resuspended in 5 ml of th sam buffer. This suspension contains 
primarily large protoplasts and osmotically fragile cells that retain some cell wall structure. Compared to the 
small protoplasts removed by the above procedure, the percentage of protoplasts able to regenerate cell 
5 walls and percentage of viable osmotically stable cells is higher for the large protoplasts and osmotically 
fragile cells in the final suspension. The suspension of cells is diluted with buffer to a concentration of -2 x 
108 cells/ml. 

D. Transformation Procedure 

10 

For each transforming plasmid, an -0.1 ml suspension of osmotically fragile Penicillium chrysogenum 
cells (approximately 2 x 10^ cells) is supplemented with 10 ul of 50 mM CaCb, 25 ug of plasmid DNA in 5- 
15 ul of TE buffer, and 0.9 ml of a solution of freshly dissolved polyethylene glycol 4000 (Baker. 40% 
weight/volume in osmotically stabilized buffer). The mixture is vortexed. allowed to stand for 10 minutes at 

75 room temperature, centrifuged at 700Xg for 2 minutes, and vortexed again. Two aliquots of 0.5 ml each are 
then spread on the surface of osmotically stabilized acetamide medium (1.7 g/L Yeast Nitrogen Base 
without amino acids and ammonium sulfate; 125 g/L sucrose, 0.738 g/L acetamide; 1.27 g/L CaCb; and 22 
g/L Noble agar). To measure the total number of viable cells present in transformation mixtures, aliquots 
from the transformation mixture are plated on medium in which the acetamide is replaced with an equimolar 

20 amount of ammonium sulfate. Seven to ten days after transformation, transformant colonies of sufficient size 
to subculture are present on the acetamide medium. Abortive transformants are easily distinguished from 
stable transformants. because abortive transformants fail to grow upon subculture to fresh acetamide 
medium. Cells transfonmed with a plasmid containing the acetamidase gene form visible colonies in four to 
five days after transformation. 

25 

E. Analysis of Penicillium Transformants 



30 Penicillium transformants that are transformed with vectors of the invention containing the amd S gene 
express an acetamidase activity (the amd S gene product) not detected in extracts of the untransformed 
recipient P. chrysogenum strain (e.g., ATCC 9480). This activity results in the ability of the transformed 
strains to grow using the ammonia released by acetamide hydrolysis when no other nitrogen sources are 
available. The Penicillium transformants of the invention also express racemase activity. 

35 Stable transformants carry the transfomning DNA in their high molecular weight DNA. Probes, e.g.. the 
racemase coding sequence or fragments of Aspergillus DNA that contain the acetamidase gene, hybridize 
to the high molecular weight DNA from these transformants even after multiple passage on non-selective 
medium (ammonia as nitrogen source). The transforming phenotype (production of racemase and. if an 
amd S vector was used, ability to grow on acetamide as sole nitrogen source) is also maintained by the 

40 transformants after passage on non-selective medium. 

Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, GR, IT, U, NL, SE 

45 1. A constructed DNA compound that encodes a protein having the isopentcillin N epimerase (racemase) 
activity of Streptomyces ctavuligerus, of amino acid sequence: 



50 



55 
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-Met 


Ala 


Val Ala Asp 


Gly 


Arg 


Met Leu Leu 


Asn 


Leu 


Asn Thr Gly 


Pro 


Arg 


Ser Phe Glu 


Arg 


Ala 


His Leu Ala 


Fhe 


Leu 


Leu Arg Glu 


Trp 


Gin 


Ala Arg Glu 


He 


Gly 


Gly Asp Pro 


Ala 


Thr 


Asn Val Thr 


Val 


Ala 


Ser Ser Leu 


Gly 


Glu 


He Leu Leu 


Thr 


Pro 


Met Arg Trp 


Ala 


Ara 


Arg His Gly 


Phe 


Arg 


Leu Pro Glu 


Ala 


Glu 


He Thr Ala 


Met 


Gly 


Pro Arg Thr 






Val Val Ser 


Leu 


Pro 


Ala Ala Glu 


Arg 


Ala 


Arg Gly He 


Gly 


Ala 


His Ala Pro 


Asp 


Leu 


Ser Arg He 


Ala 


Gly 


Ser Gly His 


Pro 


Thr 


Gly Val Gly 


Pro 


Gly 


Arg Leu Glu 



Trp 


Glu 


Glu 


Ala 


Arg 


Asp 


Pro 


Thr 


Val 


Val 
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Gly 


Gly 


Pro 


Leu 


Arg 


Val 


Thr 


Gly 


Phe 


Ala 


Glu 


Pro 


Met 


Asp 


Val 


Pro 


Ala 


Leu 


Leu 


Ser 


Leu 


Ala 


Arg 


Leu 


Leu 


Arg 


Leu 


Ala 


Leu 


Ala 


Ala 


Val 


Asn 


Leu 


Arg 


Leu 


Glu 


Ala 


Pro 


Ser 


Asp 


Asp 


Glu 


Tyr 


Cys 


Trp 


Glu 


Arg 


Val 


Leu 


Glu 


Leu 


Arg 


Thr 


Leu 


Pro 


Ser 


Asp 


Pro 


Ala 


Ala 


Val 


Ala 


Ala 


Arc7 


Leu 


Phe 


Phe 


Phe 


xnr 


xnr 


wxy 






Leu 


Cys 


Glu 


Glu 


Ala 


Thr 


Thr 


Val 


Val 


Asp 


Gly 


Phe 


Leu 


Asp 


Leu 


Pro 


Cys 


Asp 


Phe 


Tyr 


Lys 


Trp 


Leu 


Leu 


Ala 


Phe 


Leu 


His 


Leu 


Ala 


Glu 


Leu 


Glu 


Pro 


Thr 
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Gin Val 


Ser 


Trp Ala 


Tyr 


Glu 


Pro 


Pro 


Glu 


Ala Ala 


Ala 


Arg Arg 


Pro 


Arg 


Ala 


Thr 


Ala 


Val Gly 


Ser 


Thr Pro 


Gly 


Leu 


Arg 


Arg 


Leu 


Glu Cys 


Glu 


Gly Thr 


Arg 


Asp 


He 


Cys 


Pro 


Trp Leu 


Ala 


Thr Pro 


Glu 


Ser 


lie 


Asp 


Phe 


Gin Ala 


Glu 


Leu Gly 


Pro 


Gly 


Ala 


He 


Arg 


Ala Arg 


Arg 


Arg Glu 


Leu 


Thr 


Asp 


His 


Ala 


Arg Arg 


Leu 


Leu Ala 


Asp 


Arg 


Pro 


Gly 


Arg 


Thr Leu 


Leu 


Thr Pro 


Asp 


Ser 


Pro 


Glu 
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Ser Gly 


Gly 


Met Val 


Ala 


Tyr 


Arg 


Leu 


Pro 


Pro Gly 


Thr 


Asp Ala 


Ala 


Glu 


Leu 


Arg 


Arg 


Gly Leu 


Trp 


Glu Arg 


Phe 


Arg 


He 


Glu 
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Ala Val 


Ala 


Glu Gin 


Pro 


Pro 


Gly 


Pro 


Val 


Leu Arg 


He 
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Phe 


Tyr 


Thr 


Thr 


Glu Glu 


Glu 


He Asp 


Arg 


Leu 


Ala 


Asp 


Ala 


Leu Asp 


Ala 


Leu Thr 


Gly 


Glu 


End 


Ser 


Pro 


Arg Leu 


Ala 


Asp Arg 


Leu 


Pro 


Arg 


Ala 


Val 


Asp His 


Pro 


Val His 


Gly 


Leu 


Arg 


Glu 


Asp 



Gln-COOH 



wherein Ala is an alanine residue. Arg is an arginlne residue, Asn is an asparagine residue. Asp is an 
aspartic acid residue. Cys is a cysteine residue, Gin is a glutamine residue. Glu is a glutamic acid 
residue. Gly is a glycine residue, His is a histidine residue, lie is an isoleucine residue. Leu is a leucine 
residue, Lys Is a lysine residue. Met is a nDethionine residue, Phe is a phenylalanine residue. Pro is a 
proline residue, Ser is a serine residue, Thr is a threonine residue, Trp is a tryptophan residue. Tyr is a 
tyrosine residue, and Val is a valine residue. 
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IS 



2. The constructed DNA compound of Claim 1 that comprises the DNA s quence: 

1 ATGGCGGTAG CCGACTGGGA AGAACCCCCC GGCC6TAT6C TCCTCGACCC 

51 CACCCTCCTC AACCTCAACA CCGGCTCCCG GGGACCGCTG CCGCGCAGCT 

101 TCGAGCGGGT CACCGGCTTC CGCGCCCATC TCGCGGCCGA GCCGATGGAC 

151 TTCCTGCTCC GCCAGGTCCC CGCACTGCTG TGGCAGGCGC GGGAGAGCCT 

201 CGCCCGCCTC ATCGGCGGGG ACCCGCTGCG CCTCGCCCTG GCCACCAACG 

251 TCACCGCCGC CGTCAACCTC 6TC6CGTCGT CACTGCGCCT CGAAGCGCCC 

301 GGCGAGATCC TGCTCAGCGA CGACGAGTAC ACGCCCATGC GCTGGTGCTG 

351 GGAGCGGGTC GCCCGGCGGC ACGGCCTGGA GCTGAGGACG TTCCGCCTGC 

AOl CCGAGCTGCC aCCGACCCG GCCGAGATCA CCGCGGCGGC GGTCGCCGCG 

451 ATGGGACCGC OCACCCGGCT CTTCTTCTTC AGCCATGTCG TCTCCACGAC 

501 CGGGCTGATC CTGCCCGCCG CCGAACTGTG CGAGGAGGCC CGCGCACGGG 

20 551 GCATCACCAC CGTGGTCGAC GGCGCCCACG CACCCGGCTT CCTCGACCTC 

601 GACCTCTCCC GGATCCCCTG CGACTTCTAC GCGGGCAGCG GCCACAAATG 

651 GCTGCTCGCC CCCACCGGGG TCGGCTTTCT CCACCTCGCC CCCGGCCGCC 

25 701 TGGAAGAACT GGAGCCCACC CAGGTGAGCT GGGCGTACGA GCCCCCGGAG 

751 CCAGCCGCCC GCCGGCCGC6 CGCGACCGCT GTCGGCAGCA CACCCGGGCT 

801 6CGCAGACTC GAATGCGAGG GGACCCGG6A CATCTGCCCC TGGCTCGCCA 

851 CACCGGAGTC GATCGACTTC CAGGCCGAGC TCGGCCCCGG CGCGATCCGC 

901 GCCCGCCGCC GCGAGCTGAC GGACCACGCG CGCCGCCTGC TCGCCGACCG 

951 CCCGGCCCGC ACGCTCCTCA CCCCCGACTC CCCGGAGCTG TCCGGCGGCA 

1001 TGGTGGCCTA CCCGCTGCCC CCCGGAACCG ACGCCGCCGA GaCCGCCCG 

1051 GGGCTCTGGG AGCGCTTCCG GATCGAGGCC CCGGTGGCCG AGCAGCCGCC 

1101 CGGGCCGCTG CTCCGGATCT CGGCGAACTT CTACACCACC GAAGAGGAGA 

1151 TCGACCGCCT GGCGGACGCG CTGGACGCGC TGACGGGCGA GTGATCCCCC 

<o 1201 CGGCTCGCCG ACCGCCTCCC CCGCGCTGTT GACCACCCGG TTCACGGATT 

1251 ACGAGAGGAT CAGTGAGAGT TG 
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wherein A is deoxyadenyl, G is deoxyguanyl, C Is deoxycytldyl, and T is thymidyl. 

3. The -2.0 kb Clal-Styl restriction fragment of plasmid pOW390 (NRRL B-18431). 

4. A recombinant DNA vector that comprises the DNA sequence of Claim 1 or 2. 

so 5. The recombinant DNA vector of Claim 4 that is one of the following plasm Ids: 

pOW392 constructed by ligating the -0.9 kb Styl- Bam HI fragment of pOW390 (NRRL B-18431) 
with the Bam HI -Hlnc ll-digested vectors M13mp18 RF DNA to give plasmid mOW390. site-specific 
mutagenesis of single-stranded mOW390 DNA to give plasmid mOW391, ligation of the -0.9 kb 
BamHI-Ncol fragment of mOW391, the -5.75 kb Xbal-BamHI fragment of pCZRIII (NRRL B-18249) 
55 and a double-stranded Xba l- Nco l phosphotriester-synthesised fragment to give an intermediate plasmid 
which was digested with Bam HI and ligated with the -2 kb Bam HI fragment of pOW390. 

pPSJ77 constructed by ligating the -7.9 kb EcoRI- Nco l r striction fragm nt of pOW392 with -925 
bp EcoRI-Ncol fragment of pLC2 (ATCC 53334), 
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pPSJ78 constructed by ligating EcoRI-Sall-dig sted pMLC 12 DNA (NRRL B-18097) with the -5.0 
kb EcoRI-Sall fragment of p3SR2 (NRRL B-18182) to giv pPS51 and ins rting the -5.65 kb EcoRI 
fragment of pPSSI into EcoRI-digested pPSJ77, 

pPSJ78A constructed as for pPSJ78, the -5.65 kb EcoRi fragment being in the opposite orienta- 
tion, 

pOW390 (NRRL B-18431). 

mOW390 constructed by ligating the -0.9 kb Styl -Bam HI fragment of pOW390 with Hinc ll- Bam HI- 
digested vector m13mp18, or 

mOW391 produced by site specific nhutagenesis of mOW390. 

6. A recombinant host cell transformed with a recombinant DNA vector of Claim 4. 

7. The transformed host cell of Claim 6 that is E. coli K12, Penicillium, Cephalosporium, Aspergillus, or 
Streptomyces. 

8. The transformed host cell of Claim 7 that is E. coli K12 RR1AM15/pOW390 or E. coli K12 
JM109/pOW392. 

9. The transformed host cell of Claim 7 that is Penicillium chrysogenum/pPSJ78. 
Claims for the following Contracting State : ES 

1. A method for constructing a recombinant host cell capable of expressing isopenicillin N epimerase 
(racemase) activity, comprising: 

transforming the host cell with a recombinant DNA expression vector that comprises: 

(a) a promoter and translational-activating sequence that function in the host cell; and 

(b) a DNA sequence that encodes isopenicillin N epimerase (racemase) activity operably linked to 
the promoter and translational activating sequence, said DNA sequence encoding a proteing have 
the amino acid residue sequence: 



NHt-Het 


Ala Val Ala Asp Trp 


Glu 


Glu 


Ala 


Arg 


Cly 


Arg Met Leu Leu Asp 


Pro 


Thr 


Val 


Val 


Asn 


Leu Asn Thr Gly Ser 


Gly 


Gly 


Pro 


Leu 


Pro 


Arg Ser Phe Glu Arg 


Val 


Thr 


Gly 


Phe 


Arg 


Ala His Leu Ala Ala 


Glu 


Pro 


Met 


Asp 


Phe 


Leu Leu Arg Glu Val 


Pro 


Ala 


Leu 


Leu 


Tzp 


Gin Ala Arg Glu Ser 


Leu 


Ala 


Arg 


Leu 


lie 


Gly Gly Asp Pro Leu 


Arg 


Leu 


Ala 


Leu 


Ala 


Thr Asn Val Thr Ala 


Ala 


Val 


Asn 


Leu 


Val 


Ala Ser Ser Leu Arg 


Leu 


Glu 


Ala 


Pro 
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Gly Glu He Leu Leu Ser Asp Asp Glu Tyr 
Thr Pro Met Arg Trp Cys Trp Glu Arg Val 
Ala Arg Arg His Gly Leu Glu Leu Arg Thr 
Phe Arg Leu Pro Glu Leu Pro Ser Asp Pro 
Ala Glu He Thr Ala Ala Ala Val Ala Ala 
Met Gly Pro Arg Thr Arg Leu Phe Phe Phe 
Ser His Val Val Ser Thr Thr Gly Leu He 
Leu Pro Ala Ala Glu Leu Cys Glu Glu Ala 
Arg Ala Arg Gly He Thr Thr Val Val Asp 
Gly Ala His Ala Pro Gly Phe Leu Asp Leu 
Asp Leu Ser Arg He Pro Cys Asp Phe Tyr 
Ala Gly Ser Gly His Lys Trp Leu Leu Ala 
Pro Thr Gly Val Gly Phe Leu His Leu Ala 
Pro Gly Arg Leu Glu Glu Leu Glu Pro Thr 
Gin Val Ser Trp Ala Tyr Glu Pro Pro Glu 
Ala Ala Ala Arg Arg Pro Arg Ala Thr Ala 
Val Gly Ser Thr Pro Gly Leu Arg Arg Leu 
Glu Cys Glu Gly Thr Arg Asp He Cys Pro 
Trp Leu Ala Thr Pro Glu Ser He Asp Phe 
Gin Ala Glu Leu Gly Pro Gly Ala He Arg 
Ala Arg Arg Arg Glu Leu Thr Asp His Ala 
Arg Arg Leu Leu Ala Asp Arg Pro Gly Arg 
Thr Leu Leu Thr Pro Asp Ser Pro Glu Leu 
Ser Gly Gly Met Val Ala Tyr Arg Leu Pro 
Pro Gly Thr Asp Ala Ala Glu Leu Arg Arg 
Gly Leu Trp Glu Arg Phe Arg He Glu Ala 
Ala Val Ala Glu Gin Pro Pro Gly Pro Val 
Leu Arg He Ser Ala Asn Phe Tyr Thr Thr 
Glu Glu Glu He Asp Arg Leu Ala Asp Ala 
Leu Asp Ala Leu Thr Gly Glu End Ser Pro 
Arg Leu Ala Asp Arg Leu Pro Arg Ala Val 
Asp His Pro Val His Gly Leu Arg Glu Asp 
Gln-COOH 

wherein Ala is an alanine residue. Arg is an arginine residue, Asn is an asparagine residue, Asp Is an 
aspartic acid residue, Cys is a cysteine residue. Gin is a glutanr^in r sidu , Glu Is a glutamic acid 
residu . Gly is a glycin r stdue, His is a histidin r sidu , II is an isoleucin r sidue, L u is a 
leucine r sidu , Lys is a lysin residue, Met is a methionine residue, Phe is a phenylalanin residue, 
Pro is a proline r sidue, Ser is a s rin residue, Thr is a thr onin r sidu , Try is a tryptophan 
residue, Tyr is a tyrosine r sidue. and Val is a valine residue. 
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Th method of Claim 1 in which the DNA sequence that encodes isopenicillin N epim rase activity 
compris s the DNA s qu nee: 

1 ATGGCGGTAG CCGACTGGGA AGAAGCCCGC GGCCGTATGC TGCTCGACCC 

51 CACCGTCGTC AACCTCAACA CCGGCTCCGG GGGACCGCTG CCGCGCAGCT 

101 TCGAGCGGGT CACCGGCTTC CGCGCCCATC TCGCGGCCGA GCCGATGGAC 

151 TTCCTGCTCC GCCAGCTCCC CGCACTGCTG TGGCACGCGC GCGAGAGCCT 

201 CGCCCGCCTC ATCGGCGGGG ACCCGCTGCG CCTCGCCCTG GCCACCAACG 

251 TCACCGCCGC CGTCAACCTC GTCGCGTCGT CACTGCGCCT CGAAGCGCCC 

301 GGCGAGATCC TGCTCAGCGA CGACGAGTAC ACGCCCATGC GCTGGTGCTG 

351 GGAGCGGGTC GCCCGGCGGC ACGGCCTGGA GCTGAGGACG TTCCGGCTGC 

AOl CCGAGCTGCC CTCGGACCCG GCCGAGATCA CCGCGGCGGC GGTCGCCGCG 

451 ATCGGACCGC GCACCCGGCT CTTCTTCTTC AGCCATGTCG TCTCCACGAC 

501 CGGGCTGATC CTGCCCGCCG CCGAACTGTG CGAGGAGGCC CGCGCACGGG 

551 GCATCACCAC CGTGGTCGAC GGCGCCCACG CACCCGGCTT CCTCGACCTC 

601 GACCTCTCCC GGATCCCCTG CGACTTCTAC GCGGGCAGCG GCCACAAATG 

651 GCTGCTCGCC CCCACCGGGG TCGGCTTTCT CCACCTCCCC CCCGGCCGCC 

701 TGGAAGAACT GGAGCCCACC CAGGTGAGCT GGGCGTACGA GCCCCCGGAG 

751 GCAGCGGCCC GCCGGCCGCG CGCGACCGCT GTCGGCAGCA CACCCGGGCT 

801 GCGCAGACTC GAATGCGAGG GGACCCGGGA CATCTGCCCC TGGCTCGCCA 

851 CACCGGAGTC GATCGACTTC CAGGCCGAGC TGGGCCCCGG GGCGATCCGC 

901 GCCCGCCGCC GCGACCT6AC GCACCACCCG CCCCGCCTGC TCCCCCACCG 

951 CCCGGGCCGC ACGCTCCTCA CCCCCGACTC CCCGCACCTG TCCGGCCCCA 

1001 TGGTGGCCTA CCGGCTGCCC CCGGGAACCG ACGCGGCCGA GCTGCGCCGG 

1051 GGGCTCTGGG AGC6CTTCCG GATCGAGGCC GCGGTGGCCG AGCAGCCGCC 

1101 CGGGCCGGTG CTCCGGATCT CGGC6AACTT CTACACCACC GAAGAGGAGA 

1151 TCGACCGCCT GGCGGACGCG CTGGACGCGC TGACGGGCGA GTGATCCCCC 

1201 CGGCTCGCGG ACCGCCTCCC CCGCGCTCTT CACCACCC6G TTCACGGATT 

1251 ACGAGAGGAT CAGTGAGAGT TG 

wherein A is deoxyadenyl. G Is deoxyguanyl, C Is deoxycytidyl, and T is thymidyl. 

A method for expressing isopenicillin N epimerase activity In a recombinant host cell, comprising: 

culturing the host transformed in Claim 1 or 2 under conditions that allow for expression of 
isopenicillin N epimerase (racemase) activity. 

The method of Claim 1. 2 or 3 In which the recombinant DNA expression vector Is 

pOW392 constructed by llgating the -0.9 kb Styl- Bam Hi fragment of pOW390 (NRRL B-18431) 
with the BamHI-Hincll-digested vectors M13mp18 RF DNA to give plasmid mOW390, site-specific 
mutagenesis of single-strand d mOW390 DNA to give plasmid mOW391. ligation of the -0.9 kb 
BamHI-Ncol fragment of mOW391. the -5.75 kb Xbal-BamHI fragment of pCZRIII (NRRL B-18249) 
and a doubl -stranded Xba l- Nco l phosphotriester-synthesis d fragment to giv an Intermediate plasmid 
which was digested with Bam HI and ligated with th -2 kb Bam HI fragment of pOW390. 
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pPSJ77 constructed by ligating the -7.9 kb EcoRI-Ncol restriction fragment of pOW392 with -925 
bp EcoRI-Ncol fragment of pLC2 (ATCC 53334), 

pPSJ78 constructed by ligating EcoRI-Sall-digested pMLC 12 DNA (NRRL B-18097) with the -5.0 
kb EcoRI-Sall fragment of p3SR2 (NRRL B-18182) to give pPS51 and inserting the -5.65 kb EcoRI 
fragment of pPS51 into EcoRI-digested pPSJ77, or 

pPSJ78A constructed as for pPSJ78, the -5.65 kb EcoRi fragment being in the opposite orienta- 
tion, 

PatentansprUche 

PatentansprUche fUr folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, GR, IT, LI, NL, SE 

1. Konstruierte DNA Verbindung, die ein Protein kodiert, das die Isopenicillin-N-Epimerase (Racemase) 
Aktivitat von Streptomyces clavuligerus und folgende AminosSuresequenz aufweist: 
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cin-COOB 

worin Ala fOr einen Alaninrest steht, Arg fQr einen Argininrest steht, Asn fUr einsn Asparaginrest steht. 
Asp fOr einen Asparaginsaurerest steht, Cys fUr einen Cysteinrest steht, Gin fUr einen Glutaminrest 
steht, Glu fUr einen Glutaminsaurerest steht, Gly fUr einen Glycinrest steht. His fUr einen Histidinrest 
steht, lie fur einen Isoleuclnrest steht. Leu fOr einen Leucinrest steht, Lys fOr einen Lysinrest steht. Met 
fUr einen Methioninrest steht, Phe fiiir einen Phenylalaninrest steht. Pro fUr einen Prolinrest steht, Ser 
fOr einen Serinrest steht, Thr fOr einen Threoninrest steht, Trp fOr einen Tryptophan rest steht, Tyr fur 
einen Tyrosinrest steht und Val fUr einen Valinrest steht. 

Konstruierte DNA Verbindung nach Anspruch 1 , die folgende DNA Sequenz enth9lt 

1 ATCCCCCTAG CCGACTGCGA ACAAGCCCGC OCCCCTATGC TCCTCCACCC 

SI aCCCTCCTC AACCTCAACA CCGCCTCCCO CCGACCGCT6 CCCCCCACCT 

101 TCCACCCCGT CACCGCCTK CGCGCCCATC KGCCOCCCA CCCGATCCAC 

ISl TTCCTCCTCC OCCAGOTCCC CGCACTCCTO TCOCAGGCGC OC«AGACCCT 

201 CGCCCGCCTC ATCGGCCGGC ACCCGCTGCO CaCCCCCTO CCCACCAACO 

251 TCACCCCCOC CCTCAACCTC CTCCCCTCCT CACTOCCCCI CCAACCGCCC 

301 GGCGACATCC TCCTCACCGA CCACCAGTAC ACCCCCATCC CCTCCTCCTG 

3S1 CCACCCCCTC CCCCGGCGOC ACCCCCTCGA CCTGACaCC TTCCCCCTOC 

401 CCCAGCTCCC CTCGGACCCG CCCGAGATCA CCCCCCCCGC CCTCCCCCCO 
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30 worin A fur Desoxyadenyl steht. G fOr Desoxyguanyl steht. C fDr Desoxycytidyl steht und T fur 
Thymidyl steht. 

3. -2,0 kb Clal-Styl Restriktionsfragment von Plasmid pOW390 (NRRL B-18431). 
35 4- Rekombinanter DNA Vektor, der die DNA Sequenz nach Anspruch 1 oder 2 enthalt. 

5. Rekombinanter DNA Vektor nach Anspruch 4. der eines der fblgenden Plasm ide ist: 

pOW392, konstruiert durch Ligation des -0.9 kb Styl-BamHI Fragments von pOW390 (NRRL B- 
18431) mit der Bam HI-HincH-verdauten M13mp18 RF Vektor-DNA unter Bildung von Plasmid mOW390. 

40 ortspezifische Mutagenese der einzelstrSnglgen mOW390 DNA unter Bildung von Plasmid mOW391, 
Ligation des -0,9 kb BamHI-Ncol Fragments von mOW391, des -5,75 kb Xbal-BamHI Fragments von 
pCZRIII (NRRL B-18249) und eines doppelstrSngigen Phosphotriester-synthetisierten Xba l- Nco l- 
Fragments unter Bildung eines als Zwischenstufe ben5tigten Plasmids, das mit Bam HI verdaut und mit 
dem -2 kb Bam HI Fragment von pOW390 ligiert wird, 

45 pPSJ77, konstruiert durch Ligation des -7,9 kb Eco Ri- Nco l Reatriktionsfragments von pOW392 mit 

dem -925 bp EcoRI-Ncol Fragment von pLC2 (ATCC 53334), 

pPSJ78, konstruiert durch Ligation der EroRI-Sall-verdauten pMLC 12 DNA (NRRL B-18097) mit 
dem -5,0 kb EcoRI-Sall Fragment von p3SR2 (NRRL B-18182) unter Bildung von pPS51 und Insertion 
des -5.65 kb EcoRI Fragments von pPS51 in das EcoRI-verdaute pPSJ77. 

50 pPSJ78A, konserviert wie pPSJ78, wobei das -5,65 kb EcoRI Fragment in der entgegengesetzten 

Richtung liegt, 

pOW390 (NRRL B-18431), 

mOW390, konstruiert durch Ligation des -0.9 kb Styl- Bam HI Fragments von pOW390 mit dem 
Hincll -Bam HI-verdauten Vektor M13mp18, Oder 
55 mOW391 , hergestellt durch ortsspeziflsch Mutagenese von mOW390. 

6. Rekombinant Wirtszelle, die mit in m rekombinanten DNA Vektor nach Anspruch 4 transform! rt ist. 
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7. Transformierte Wirtszelle nach Anspruch 6, die E. coli K12, Penicillium , Cephalosporium , Aspergillus 
Oder Streptomyces ist. 

a Transformierte Wirtszelle nach Anspruch 7, die E. coli K12 RR1AM15/pOW390 Oder E. coli K12 
JM109/pOW392 ist. 

9. Transformierte Wirtszelle nach Anspruch 7. die Peniciilium chrysogenum/ pPSJ78 ist. 
Patentansprttche fUr folgenden Vertragsstaat : ES 

1. Verfahren zur Konstruktion einer rekombinanten Wirtszelle, die zur Expression einer Isopenicillin-N- 
Epimerase (RacemaseaktivitSt) fShig ist, das umfaBt: 

Transformieren der Wirtszelle mit einem rekombinanten DNA Expressionsvektor, der enthSIt: 

(a) einen Promoter und eine Translationsaktivierungssequenz, die in der Wirtszelle funktionieren, und 

(b) eine DNA Sequenz, die lsopenicil)in-N-Epimerase (Racemase) Aktivitat kodiert. funktionsfahig mit 
dem Promoter und der Translationsaktivierungssequenz verbunden, wobei diese DNA Sequenz ein 
Protein kodiert. das die folgende AminosSuresequenz aufweist: 

NB|-*Met Ala Val M« Asp Trp Clu Glu Ala Arg 
Gly Kcq Met Leu Leu Asp Pro Thr Val Val 
Atn Leu Asn Thr Gly Ser Gly Gly Pro Leu 
Pro Arg Ser Phe Glu Arg Val Thr Gly Phe 
Arg Ala Bis Leu Ala Ala Glu Pro Ket Asp 
Phe Leu Leu Arg Glu Val Pro Ala Leu Leu 
Trp Gin Ala Arg Glu Ser Leu Ala Arg Leu 
He Gly Gly Asp Pro Leu Arg Leu Ala Leu 
Ala Thr Asn Val Thr Ala Ala Val Asn Leu 
Val Ala Ser Ser Leu Arg Leu Olu Ala Pro 
Gly Glu He Leu Leu Ser Asp Asp Olu lyr 
Thr Pro Het Arg Trp Cys Trp Clu Arg Val 
Ala Arg Arg Bis Gly Leu Glu Leu Arg Thr 
Phe Arg Leu Pro Glu Leu Pro Ser Asp Pro 
Ala Glu He Thr Ala Ala Ale Val Ala Ala 
Ket Gly Pro Arg Thr Arg Leu Phe Phe Phe 
Ser Bis Val Val Ser Thr Thr Gly Leu lie 
Leu Pro Ala Ala Glu Leu Cya Glu Glu Ala 
Arg Ala Arg Gly He Thr Thr Val Val Asp 
Gly Ala His Ala Pro Gly Phe Leu Asp Leu 
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Atp Uu fx Arg lit Pro Cys Amp pho tyt 
Ala Oly Ser Gly Bit Lys Trp Leu Uu Ala 
Pre Thr Gly Vel Oly Phe Leu Bia Leu Ala 
Pro Gly Arg Leu Glu Glu Leu Glu Pro ihr 
Gin Val Ser Trp Ale Tyr Glu Pro Pro Glu 
Ala Ala Ala Arg Arg Pro Arg Ale Thr Ala 
Val Gly Ser Thr pro Gly Leu Arg Arg teu 
Glu Cyt Glu Gly Ihr Arg Asp lie Cya Pro 
Tip Leu Ala Thr Pro Glu Ser lie Aap Phe 
Gin Ala Glu Leu Gly Pro Gly Ale He Arg 
Ala Arg Arg Arg Glu Leu Thr Atp Bis Ala 
Arg Arg Leu Leu Ala Asp Arg Pro Gly Arg 
Thr Leu Leu Thr Pro Asp Ser Pro Glu Leu 
Ser Gly Gly Met Vel Ale lyr Arg Leu Pro 
Pro Gly Thr Asp Ala Ala Glu Leu Arg Arg 
Gly Leu Trp Glu Arg Phe Arg He Glu Ala 
Ala Val Ala Glu Gin Pro Pro Gly Pro Val 
Leu Arg He Ser Ala Asn Phe Tyr Thr ihr 
Glu Glu Glu He Asp Arg Leu Ala Asp Ala 
Leu Asp Ala Leu Thr Gly Glu End Ser Pro 
Arg Leu Ala Asp Arg Leu Pro Arg Ala Val 
Asp Bis Pro Val Bis Gly Leu Arg Glu Asp 
Gln-COOB 

worin Ala fOr einen Alaninrest steht. Arg fOr einen Argininrest steht, Asn fUr einen Asparaginrest 
steht. Asp fllr einen Asparaginsaurerest steht, Cys fUr einen Cysteinrest stetit. Gin fOr einen 
Glutaminrest steht, Glu fUr einen GlutaminsSurerest steht, Gly fUr einen Glycinrest steht His fOr 
einen Histidinrest steht. He fOr einen Isoleucinrest steht. Leu fUr einen Leucinrest steht, Lys fOr einen 
Lysinrest steht. Met fUr einen Methionlnrest steht, Phe fUr einen Phenylalaninrest steht. Pro fOr einen 
Prolinrest steht, Ser fUr einen Serinrest steht, Thr fUr einen Threonlnrest steht, Trp fOr einen 
Tryptophanrest steht, Tyr fOr einen Tyrosinrest steht und Val fOr einen Valinrest steht. 

Verfahren nach Anspruch 1 , worin die DNA Sequenz, die die Isopenicillin-N-Epimeraseaktivitat i<odiert, 
die folgende DNA Sequenz enthSIt 
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1 ATCCCGCTA6 €CGACTGGGA A6AACCCCGC 6CCCCTATCC TCCTCCACOC 

SI CACCCTCCTC AACCTCAACA CCCCCTCCCC CCCACCCCTO GCCCCCA6CT 

101 TCGACCCGGT CACCCCCTTC CCCCCCCATC KGCCGCCCA CCCGATCGAC 

151 TKCTCCTCC CCGAGGTCCC CCCACT6CTG TCCCACCCGC 6CCAGAG0CT 

201 CGCCCGCCTC ATCGGCCCCG ACCCCCTCCO CCTCCCCCTC CCCACCAA06 

2S1 TCACCGCCGC CGTCAACCTC CTCGCCTCGT CACTCCCCCT CCAACCCCCC 

301 6GCGAGATCC TGCTCACCCA C6ACGAGTAC ACCCCCAT6C CCTCCTOCTC 

3S1 CCACCCGCTC CCCCGOCGOC ACOCCCTOGA CCTGAGCACO ITCCGCCTOC 

401 CC6ACCTGCC CTCCCACCCC GCCCACATCA CCCCCOCGCC CCTOCCCCCC 

ASl AICCCACCGC CCACCCGGCT GnCTTCn C AGCCAT6ICG KTOaCGAC 

SOI CCCCCTCATC CTCCCCCCCG CCCMCTCTO CCAG6A0GCC CCCGCACOOC 

SSI GCATCACCAC CGTGGTCCAC CGCOCCCACG CACCCGGCTT CCTCGACCIC 

601 CACCTCTCCC CGATCCCCT6 CGACnaAC 6CCCCCACCG CCCACAAATC 

651 OCTCCTCGCC CCCACCG6G6 TCC C CTIfCT CCACCTCGCC CCCGGCCOOC 

701 TCCAAGAACT GGACCCCACC CAGGTCAGCT GG0C6TAC6A 0CCCCCCGA6 

751 OCAGCCCCCC CCCCGCCGCG CGCCACCCCT CTCCGCACCA CACCCCGOCT 

SOI GCGCAGACTC CAATCCCACC CCACCCCC^^A CATCTCCCCC TCCCTCCCa 

S51 CACCCCACTC CATCCACTTC CAGCCCCAGC TCCCCCCCCG CCCCATCCCC 

f 01 OCCCCaCCC CCCACCKAC CCACCACOCG COCCOCCTCC TCaCCACCO 

951 COCCCCCCOC ACOCTCCfCA CCCCCGACTC CCC06A0CT6 tCCCOCOCa 

1001 TCGTOCCCTA CCCCCTOCCC CCOCGAACCG ACCCO0CC6A CaCCOCCGG 

1051 COCCTCTMO ACCCCTTCCO CATCCACCCC QCOCtCGCCO AOCACCCGCC 

1101 CCGCCCCCTG CTCCCGATCT CCCCCAACTT CTACACCAOC CAACAOCACA 

llSl TCCAOCCCCT CCCCGACOCG CTGCACOCOC TCAOOOOCGA GT6AT0CCCC 

1201 CCCCTCOCOO ACCGCCTCCC CCGCCCTCn 6ACCA0CC06 TTMCOOAn 

12S1 ACCACAGGAT CAGKAGAGT TO 

worin A fUr Desoxyadenyl steht, G fQr Desoxyguanyl steht, C fOr Desoxycytidyl steht und T fUr 
Thymidyl steht. 

Verfahren zur Expression der Isopenicillin-N-EpimeraseaktivitSt in einer relcombinanten Wirtszelle, das 
umfaBt: Kultivieren einer nach Anspruch 1 Oder 2 transfonmierten Wirtszelle unter Bedingungen, die die 
Expression der Isopenicillin-N-Eplmerase (Racemase) AktivitSt eriauben. 

Verfahren nach Anspruch 1 , 2 Oder 3, worin der rekombinante DNA Expressionsvelctor ist 

pOW392, l<onstru)ert durch Ligation des -0,9 Idj Styl- Bam HI Fragments von pOW390 (NRRL B- 
18431) mit der Bam H l-Hincll-verdauten M13mp18 RF Vektor-DNA unter Bildung von Plasmid mOW3gO, 
ortspezifische l\^utagenese der eInzelstrSngigen mOW390 DNA unter Bildung von Plasmid mOW391, 
Ligation des -0,9 kb Bam HI -Nco l Fragments von mOW391 , des -5,75 kb Xbal -Bam HI Fragments von 
pCZRIII (NRRL B-18249) und eines doppelstrSngigen Phosphotriester-synthetisierten Xba l -Nco l Frag- 
ments unter Bildung ines als Zwisch nstufe benotigten Plasmids, das mit Bam HI verdaut und mit dem 
-2 kb Bam HI Fragment von pOW390 ligiert wird, 

pPSJ77, konstrui rt durch Ligation des -7,9 kb Eco RI -Nco l Restriktionsfragments von pOW392 mit 
dem -925 bp EcoRI-Ncol Fragment von pLC2 (ATCC 53334), 
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pPSJ78, konstruiert durch Ligation der EcoRI-Sall-verdauten pMLC 12 DNA (NRRL B-18097) mit 
dem -5,0 kb EcoRI-Sall Fragment von p3SR2 (NRRL B-18182) unter Bildung von pPS51 und Insertion 
des --5,65 kb EcoRI Fragments von pPS51 in das EcoRI-verdaute pPSJTZ. oder 

pPSJ78A. konstruiert wie pPSJ78, wobei das -5,65 kb EcoRI Fragment in der entgegengesetzten 
Richtung liegt. 

Revendlcatlons 

Revendlcations pour les Etats contractants sulvants : AT, BE, CH, DE, FR, GB, GR, IT, LI, NL, SE 

1- Compose d'ADN construit qui code pour une prot^ine ayant Tactivit^ de risop^nicilline N ^pim^rase 
(rac^mase) de Streptomyces clavuligerus. presentant la sequence d'acides amines : 

NHa-Met Ala Val Ala Aap Trp Glu Glu Ala Arg 
Cly Arg Met Leu Leu Asp Pro Thr Val Val 
Asn Leu Asn Thr Cly Ser Gly Gly Pro Leu 
Pro Arg Ser Phe Glu Arg Val Thr Gly Phe 
Arg Ala His Leu Ala Ala Glu Pro Met Asp 
Phe Leu Leu Arg Glu Val Pro Ala Leu Leu 
Trp Gin Ala Arg Glu Ser Leu Ala Arg Leu 
He Gly Cly Asp Pro Leu Axg Leu Ala Leu 
Ala Thr Asn Val Thr Ala Ala Val Asn Leu 
Val Ala Ser Ser Leu Arg Leu Glu Ala Pro 
Gly Glu He Leu Leu Ser Asp Asp Glu Tyr 
Thr Pro Met Arg Trp Cys Trp Glu Arg Val 
Ala Arg Arg Hi a Gly Leu Glu Leu Arg Thr 
Phe Arg Leu Pro Glu Leu Pro Ser Asp Pro 
Ala Glu He Thr Ala Ala Ala Val Ala Ala 
Met Gly Pro Arg Thr Arg Leu Pha Phe Phe 
Ser His Val Val Ser Thr Thr Gly Leu He 
Leu Pro Ala Ala Glu Leu Cys Glu Glu Ala 
Arg Ala Arg Gly He Thr Thr Val Val Asp 
Gly Ala His Ala Pro Gly Pha Leu Asp Leu 
Asp Leu Ser Arg Ha Pro Cys Asp Pha Tyr 
Ala Gly Ser Gly His Lys Trp Leu Leu Ala 
Pro Thr Gly Val Gly Pha Leu His Leu Ala 
Pro Gly Arg Leu Glu Glu Leu Glu Pro Thr 
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Leu Trp Glu 


Arg Phe 


Arg 


He 


Glu 


Ala 


Ala 


Val Ala Glu 


Gin Pro 


Pro 


Gly 


Pro 


Val 


Leu 


Arg lie Ser 


Ala Asn 


Phe 


Tyr 


Thr 


Thr 


Glu 


Glu Glu He 


Asp Arg 


Leu 


Ala 


Asp 


Ala 


Leu 


Asp Ala Leu 


Thr Gly 


Glu 


End 


Ser 


Pro 


Arg 


Leu Ala Asp 


Arg Leu 


Pro 


Arg 


Ala 


Val 


Asp 


His Pro Val 


His Gly 


Leu 


Arg 


Glu 


Asp 



Gln-COOH 

dans laquelle Ala repr^sente un r^sidu d*alanine Arg repr^sente un r^sidu d'arginine, Asn represents un 
r^sidu d'asparagine, Asp represente un r4sidu d'acide aspartique, Cys repr^sente un r^sidu de 
cysteine, Gin represente un r^sidu de glutamine, Giu represente un r^sldu d'aclde glutamique, Gly 
represente un resldu de glycine, His represente un residu d*hystidine, He represente un residu 
d'isoleucine. Leu represente un residu de leucine, Lys represents un residu de lysine. Met represente 
un residu de methionine, Phe represents un residu de phenylalanine, Pro represente un residu de 
proline, Ser represente un residu de serine, Thr represents un residu de threonine, Trp represente un 
residu de tryptophane. Tyr represente un residu de tyrosine et Val represente un residu de valine. 
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Compost d'AON construit selon la revendication 1 qui comprend la sequence d'ADN : 

1 ATCCCCCTAC CCCACTCCCA ACAACCCCCC CCCCCTATCC TCCTCCACCC 

51 CACCaCCTC AACCTCAACA CCCCCTCCCC GCGACCCaC CCCCCCACCT 

101 TCCACCCCCT aCCCCCTTC CCCCCCCATC TCGCCCCCCA CCCCATCGAC 

151 TTCaCCTCC CCCAC<rrCCC CGCACTCCTG TCCCACOCCC GGGACACk;CT 

201 CCCCCCCCTC ATCCCCCCCC ACCCCCTGCC CaCCCCCTC CCCACCAAC6 

251 TCACCCCCCC CGTCAACCTC CTCCCCTCCT CACTCCCCCT CCAACCGCCC 

301 CaCACATCC TCCTCACCCA CGACCAGTAC ACCCCCATGC CCTCCTCCTC 

351 CCACCCCCTC CCCCCCCGCC ACCCCCTCCA CaCACCACC TTCCCCCTCC 

AO I CCCACaCCC CTCCCACCCC CCCCAGATCA CCCCCCCGCC CCTCCCCCCC 

451 ATCCCACCCC CaCCCGCCT GTTCTTCTrC AGCCATCTCC laCCACGAC 

501 CCCCCTCATC CTGCCCCCCO CCCAACTCTC CCACCACCCC CCCGCACCGC 

551 CCAtaCCAC CCTCCTCGAC CCCCCCCACC CACCCCCCn CCTCCACCTC 

601 CACaCTCCC CGATCCCCTC CCACTTCTAC CCCCCaCCC CCCACAAATO 

651 CaCCTCCCC CCCACCCCCG TCGGCmCT CCACaCCCC CCCCCCCGCC 

701 TCCAACAACr CCACCCCACC CACGTGACCT GCCCCTACGA aCCCCCCAC 

751 CaCCCCCCC CCCCCCCGCC CGCCACCCCT CTCCCaCCA aCCCGCCCT 

601 CCGCAGACTC CAATGCGAGG GGACCCCCCA CAtaCCCCC TCCCTCCCCA 

851 CACCCCACTC CATCCACTTC CACCCCCAGC TCCaCCCCC CCCCATCCGC 

901 CCCCCCCGCC CCCAGCTGAC CGACCACGCG CCCCCCaCC TCCCCGACCC 

951 CCCGGCCCGC ACCaCCTCA CCCCCCACTC CCCCCACaC TCCCCCCGCA 

1001 TGGTGGCCTA CCCCCTCCCC CCCCCAACCC ACGCGCCCGA CCTCCGCCCG 

1051 GCGCTCTCGC AGCGCTTCCG GATCCAGCCC GCGGTCaCG AGCAGCCCCC 

1101 CCCGCCGGTG CTCCCGATCT CGCCCAACTT CIACACCACC CAA6AGGAGA 

1151 TCCACCCCCT GCCCCACCCG CTGGACGCCC IGACCCCCCA 6TGATCCCCC 

1201 CCCaCGCCG ACCaCTCCC CCGCCCTCTT GACCACCCCO TTCACCGAn 

1251 ACCACAGCAT aCTGACAGT TO 

dans laquelle A represents le d^soxyaddnyle, G reprdsente le dSsoxyguanyle, C represente le 
d^soxycytidyla at T represents le thymldyle. 

Fragment de restriction Clal-Styl d'environ 2,0 kb du plasmide pOW390 (NRRL B-18431). 

Vecteur d'ADN recombinant qui comprend la sequence d'ADN selon la rev ndication 1 ou 2. 

Vecteur d'ADN recombinant selon la revendication 4, qui est un des plasmldes suivants : 

pOW392 construit en liant le fragm nt Styl -Bam HI d'environ 0,9 kb de pOW390 (NRRL B-18431) 
av c I'ADN RF des v ct urs M13mp18 dig^r^s par Bam HI -Hinc ll pour donn r le plasmid mOW390, la 
mutagen&se sp^cifique au site de I'ADN de mOW390 simpi -brin pour donn r le plasmide mOW391, la 
liaison du fragment Bam HI -Nco l d'environ 0.9 kb de mOW391, 1 fragment Xbal -Bam HI d' nviron 5,75 
kb de pCZRIII (NRRL 6-18249) et un fragment Xbal-Ncol double-brins synthetis^ par la mSthode du 
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phosphotriester pour donner un plasmide int rm^diaire qui a ^t^ dig^r^ par Bam HI t li§ avec le 
fragment Bam HI d*environ 2 kb de pOW390, 

pPSJ77 construit en liant le fragment de restriction EcoRI- Nco l d'environ 7,9 kb de pOW392 avec 
le fragment EcoRI-Ncol d'environ 925 pb de pLC2 (ATCC 53334), 
5 pPSJ78 construit en liant I'ADN de pMLC 12 dig^r^ par EcoRI-Sall (NRRL B-18097) avec le 

fragment EcoRI-Sall d'environ 5,0 kb de p3SR2 (NRRL B-18182) de fagon h donner le pPS51 et en 
insurant le fragment EcoRI d'environ 5,65 kb de pPS51 dans le pPSJ77 dig^r^ par EcoRI, 

pPSJ/SA construit de la meme fagon que le pPSJ78, le fragment EcoRI d'environ 5,65 kb se 
trouvant dans Torientation oppos^e, 
JO pOW390 (NRRL B-18431), 

mOW390 construit en liant le fragment Styl- Bam HI d'environ 0,9 kb du pOW390 avec te vecteur 
m13mp18 dlg^r^ par Hinc ll -Bam HI, ou 

mOW391 produit par la mutagenfese sp6cifique au site de mOW390. 

75 6. Cellule-hdte recombinante transform^e avec un vecteur d'ADN recombinant selon la revendication 4. 

7. Cellule-hote transform^e selon la revendication 6, qui est E. coli K12, Penicillium. Cepfialosporium. 
Aspergillus ou Streptomyces. 

20 8. Cellule-h6te transform^e selon la revendication 7, qui est E. coli K12 RR1AM15/pOW390 ou E. coll K12 
JM109/pOW392. 

9. Cellule-hdte transform§e selon la revendication 7. qui est Penici Ilium chrysogenum/pPSJ78. 

25 Revendicatlons pour TEtat contractant sulvant : ES 

1- Methode pour la construction d'une cellule-hote recombinante capable d'exprimer une activity d'isop^- 
nicilline N ^pim^rase (rac^mase), comprenant : 

la transformation de la cellule-hdte avec un vecteur d'expression d'ADN recombinant qui comprend 

30 : 

(a) un promoteur et une sequence d'activation de la traduction qui fonctionne dans la cellule-hote; et 

(b) une sequence d'ADN qui code pour une activity de risop^nicilline N 6pim6rase (rac6mase) li^e 
de manidre fonctionnelle au promoteur et h la sequence d'activation de la traduction, ladite 
sequence d'ADN codant pour une prot^ine qui pr^sente la sequence de r^sidus d'acides amines : 





MB| -Mat 


Ala 


Val 


Ala Asp Trp Clu 


Clu 


Ala 


Arg 




Cly 


Arg 


Mat 


Lau Lau Asp Pro 


Thr 


Val 


Val 


40 


Asn 


L«u 


Asn 


Thr Cly Ser Cly 


Cly 


Pro 


Leu 




Pro 


Arg 


Ser 


Pha Clu Arg Val 


Thr 


Cly 


Pha 




Arg 


Ala 


Bis 


Lau Ala Ala Clu 


Pro 


Mat 


Asp 




Pha 


L«U 


Lau 


Arg Glu Val Pro 


Ala 


Lau 


Lau 


45 


Trp 


Gin 


Ala 


Arg Clu Ser Lau 


Ala 


Arg 


Lau 




Ila 


cly 


Cly 


Asp Pro Lau Arg 


Lau 


Ala 


Lau 




Al« 


Thr 


Asn 


Val Thr Ala Ala 


Val 


Asn 


Leu 


SO 


Val 


Ala 


Ser 


Ser Leu Arg Leu 


clu 


Ala 


Pro 
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cly 


Glu 


lie 


L«U 


Leu 


Ser Asp Asp 


Clu Tyr 


Thr 


Pro 


Met 


Arg 


Trp 


Cys Trp Glu 


Arg val 


Al« 


Arg 


Arg 


Hie 


Gly 


Leu Glu Leu 


Arg Thr 


Ph« 


Arg 


Leu 


Pro 


Glu 


Leu Pro Ser 


Asp Pro 


AU 


Glu 


lie 


Thr 


Ala 


Ala Ala Val 


Ala Ala 


M«t 


Gly 


Pro 


Arg 


Thr 


Arg Leu Phe 


Phe Phe 


Ser 


Eis 


Val 


Val 


Ser 


Thr Thr Gly 


Leu He 


Uu 


Pro 


Ala 


Ala 


Clu 


Leu Cys Glu 


Glu Ala 


Axg 


Ala 


Arg 


Cly 


He 


Thr Thr Val 


Val Asp 


Cly 


Ala 


Hia 


Ala 


Pro 


Gly Phe Leu 


Asp Leu 


Asp 


Leu 


Ser 


Arg 


He 


Pro Cys Asp 


Phe Tyr 


Ala 


Gly 


Ser 


Gly 


His 


Lys Trp Leu 


Leu Ala 


Pro 


Thr 


Gly 


Val 


Gly 


Phe Leu His 


Leu Ala 


Pro 


Gly 


Arg 


Leu 


Glu 


Glu Leu Glu 


Pro Thr 


Gin 


Val 


Ser 


Trp 


Ala 


Tyr Glu Pro 


Pro Glu 


Ala 


Ala 


Ala 


Arg 


Arg 


Pro Arg Ala 


Thr Ala 


Val 


Gly 


Ser 


Thr 


Pro 


Gly Leu Arg 


Arg Leu 


Glu 


Cys 


Clu 


Cly 


Thr 


Arg Asp lie 


Cys Pro 


Trp 


Leu 


Ala 


Thr 


Pro 


Glu Ser lie 


Asp Phe 


Gin 


Ala 


Glu 


Leu 


Cly 


Pro Cly Ala 


He Arg 


Ala 


Arg 


Arg 


Arg 


Glu 


Leu Thr Asp 


Bis Ala 


Arg 


Arg 


Leu 


Leu 


Ala 


Asp Arg Pro 


Cly Arg 


Thr 


Leu 


Leu 


Thr 


Pro 


Asp Ser Pro 


Clu Leu 


Ser 


Gly 


Cly 


Met 


Val 


Ala Tyr Arg 


Leu Pro 


Pro 


Gly 


Thr 


Asp 


Ala 


Ala Glu Leu 


Arg Arg 


Gly 


Leu 


Trp 


Glu 


Arg 


Phe Arg He 


Glu Ala 


Ala 


Val 


Ala 


Glu 


Gin 


Pro Pro Gly 


Pro Val 


Uu 


Arg 


Il« 


Ser 


Ala 


Asn Phe Tyr 


Thr Thr 


Glu 


Glu 


Glu 


He 


Asp 


Arg Leu Ala 


Asp Ala 


Leu 


Asp 


Ala 


Leu 


Thr 


Gly Glu End 


Ser Pro 


Arg 


Leu 


Ala 


Aap 


Arg 


Leu Pro Arg 


Ala Val 


Asp 


Bis 


Pro 


Val 


Bis 


Gly Leu Arg 


Clu Asp 



cla-cooa 

dans laquelle Ala repr^sente un r^sidu d'alanin , Arg represents un r^sidu d'arginine, Asn r pr^sen- 
t un r^sidu d*asparagine. Asp r presents un r^sidu d*acide aspartique. Cys r pr^sente un rdsidu d 
cysteine, Gin repr^sente un r^sidu de glutamine. Glu represents un r^sidu d'acide glutamlque, Gly 
r pr^s nte un r^sidu d glycine. His represent un r^sidu d'hystldine, II r present un r^sidu 
d'Isoleuclne, Leu repr^sente un r^sidu de leucine, Lys repr^sente un r^sidu de lysin . Met 
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repr§sente un r^sidu de methionine, Phe repr^s nte un r^sidu de phenylalanine, Pro repr^sente un 
r^sidu de proline, Ser repr^sente un r^sidu de serine, Thr represents un r^sidu de threonine, Trp 
represents un residu ds tryptophane, Tyr represents un residu de tyrosine et Val represente un 
residu de valine. 

Z Methode selon ta revendication 1, dans laquelle la sequence d*ADN qui code pour une activite 
d'isopenicllline N epimerase comprend la sequence d'ADN : 





1 


ATCCCGCTAC 


CCGAaCCCA 


AGAACCCCCC 


CaCCTATGC TCCTCCACCC 


TO 


51 


CACCCTCGTC 


AACCTCAACA 


CCCCCTCCCG 


CCCACCCCTC CCCCCCACa 




101 


TCCACCCCCT 


CACCGGCTTC 


CCCCCCCATC 


TCCCCCCCCA CCCGATCCAC 




ISl 


TTCCTGCTCC 


CCCACCTCCC 


CGCACTCCTC 


TCCCACCCCC CCaCACCCT 


IS 


201 


CCCCCCCCTC 


ATCCCCCCCO 


ACCCCCTGCG 


CaCCCCCTC CCCACCAACC 




25 1 


TCACCCCCCC 


CCTCAACCTC 


CTCCCCTCCT 


CAaCCCCCT CCAACCCCCC 




301 


CCCGAGATCC 


TGCTCACCGA 


CaCGAGTAC 


ACCCCCATCC CCTGGTGCK 


20 


551 


CCAGCCCGTC 


CCCCCCCGCC 


ACCCCCTGGA 


cacACCACC nccGcacc 




401 


CCGACaCCC 


CTCCCACCCG 


CCCGAGATCA 


CCCCGGCCCC CCTCGCCGCe 




451 


ATCCGACCGC 


ccACcccca 


CTTCTTCTTC 


ACCaiCTCC TCTCCACCAC 


25 


501 


CCCCCTGATC 


CTGCCCCCCC 


CCCAACTGTC 


CCACGACCCC CGCGCACGCC 




551 


GCATCACCAC 


CGTCCTCCAC 


CCCGCCCACC 


CACCCGGCTT CCTCGACCTC 




601 


GACCTCICCC 


CGATCCCCTC 


CGACrrCTAC 


GCCCCCACCC GCCACAAATC 


30 


651 


CCTCCTCCCC 


CCCACCCGGC 


TccccnrcT 


ccACCKccc cccccccca 


701 


TCCAACAACT 


CGACCCCACC 


CAGCTGAGCT 


cccccTACCA Gccccccac 




751 


CCAGCCGCCC 


CCCCCCCGCC 


CCCCACCCCT 


CTCGGCACCA CACCCCGGCT 




801 


CCGCAaCTC 


CAATCCCAGC 


CCACCCCCCA 


CATCTCCCCC TCCCTCCCa 


35 


S51 


CACCGGAGTC 


CATCCAcrrc 


CACCCCCACC 


TGCCCCCCCC CaCAKCCC 



40 901 CCCCCCCGCC CCCACCTGAC CCACCACCCC CCCCGCaCC TCCCCGACCC 

9S1 CCCCGOCCCC ACCCTCCTCA CCCCCGACTC CCCCGACCTG KCCCCCOCA 

100 1 TGCTCGCCTA CCCCCTCCCC CCCCCAACCC ACCCCCCCCA CCTCCOCCCC 

1051 CCCCTCTCOG ACCGCTTCCC CATCCACCCC GCGCTCCCCC ACCACCCCCC 

45 

1101 CGOCCCCCTG CTCCCGATCT CCOCGAACTT CTACACCACC GAAGAGGAGA 

1151 TCCACCCCCT CCCCCACCCG CTCCACGCGC TCACCCCCGA CTCATCCCCC 

1201 CCCCTCCCGG ACCCCCTCCC CCCCCaCTT CACCACCCCG TTCACCGATT 

^ 1251 ACCACACGAT aCTCACAGT TO 

dans laquelle A represents le desoxyadenyle. G represente le desoxyguanyle, C represente le 
desoxycytidyle et T represente le thymidyle. 

55 

3. Methode pour exprimsr une activite d'isopenicilline N epimerase dans une cellule-h6te recombinant , 
comprenant : 

la culture de Thdte transform^ k la revendication 1 ou 2 dans des conditions qui permettent 

44 



EP 0 377 295 B1 



r xpression de I'activit^ d'isop^nicilline N ^pim^rase (rac^mase). 

M^thode selon la revendication 1 , 2 ou 3, dans laquelle te vecteur d'expression d*ADN recombinant est 

pOW392 construit en liant le fragment Styl -Bam HI d'environ 0,9 kb de pOW390 (NRRL B-18431) 
avec TADN RE des vecteurs M13mp18 dig^r6s par Bam HI- Hinc ll pour donner le plasmlde mOW390. la 
mutagen^se sp^ciflque au site de TADN de mOW390 simple-brin pour donner le plasmide mOW391. la 
liaison du fragment Bam HI -Nco l d'environ 0,9 kb de mOW391. le fragment Xba l -Bam HI d'environ 5,75 
kb de pCZRIII (NRRL B-18249) et un fragment Xbal- Nco l double-brins synth^tis^ par la m^thode du 
phosphotriester pour donner un plasmide interm^diaire qui a ^t§ dig^r^ par Bam HI et li^ avec le 
fragment Bam HI d'environ 2 kb de pOW390. 

pPSJ77 construit en liant le fragment de restriction Eco RI -Nco l d'environ 7,9 kb de pOW392 avec 
le fragment EcoRI-Ncol d'environ 925 pb de pLC2 (ATCC 53334), 

pPSJ78 construit en liant I'ADN de pMLC12 dig^r^ par EcoRI-Sall (NRRL B-18097) avec le 
fragment EcoRI-Sall d'environ 5,0 kb de p3SR2 (NRRL B-18182) de fagon h donner le pPS5l et en 
inserant le fragment EcoRI d'environ 5.65 kb de pPS51 dans le pPSJ77 dig^r^ par EcoRI, ou 

pPSJ78A construit de la memo fagon que le pPSJ78, le fragment EcoRI d'environ 5,65 kb se 
trouvant dans Torientation oppos^e. 
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FIG. I 

Restriction Site and Function IMap of 
Piasmid pOW390 
(-6.2 itb) 
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FIG.2 

Restriction Site and Function iVIap of 
Plasmid pCZRIH 
(6,395 bp) 



Bam HI 
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FI6.3 

Restriction Site and Function IVlap of 
Plasmid pOW392 
(-8.4 Icb) 



Hindlll 



Hindlll 
Hindlll 



Ncol 



SphI 




Bam HI 



BamHI 
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FIG.4 

Beta-Lactam Biosynthesis 
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FIG.5 

Restriction Site and Function IVlap of 
Piasmid pPSJ78 
(~14.5l{b) 



Sail 
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FIG.6 

Restriction Site and Function IMap of 

Plasmid pLC2 
(7.05 kb) 
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FIG.7 

Restriction Site and Function Map of 
Piasmid pPSJ77 
(~8.8itb) 



EcoRI 




Ncol 
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FIG.8 

Restriction Site and Function IViap of 

Plasmid pPSSI 
(7661 bp) 
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FIG.9 

Restriction Site and Function IMap of 
Plasmid pl\/ILC12 

<2671 bp) 
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FIG.IO 

Restriction Site and Function IVlap of 

Plasmid p3SR2 

(9362 bp) 



Sspl 




Sail Bglll 
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